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DURING July and August the President visited both the United States and Canada. 

When he arrived in New York, he dined at the Wings Club as a guest of the 
Institute of the Aeronautical Sciences. There were more than fifty Institute members 
present, and Mr. Dowty was delighted to meet so many old friends. 

The President presented to the President of the Institute, Mr. Wellwood Beall, as 
a mark of esteem, two plaques, one bearing the badge of the Society, and one 
bearing the badge of the Institute, worked in leather. These were accepted with 
pleasure, and they now hang on the Institute walls, silent reminders of Anglo- 
American co-operation. 

While in Canada the Minister of Defence, The Hon. Brooke Claxton, invited the 
President of the Royal Aeronautical Society to attend the unveiling ceremony of the 
Memorial Cairn, commemorating the first military flight in Canada in 1909 at Camp 
Petawawa. Mr. Dowty met many members of the Society in the course of his visits 
to Montreal, Toronto, and Ottawa. 

On Monday Ist September I attended the pre-Show dinner given by the S.B.A.C. 
I met many members of the Society, who, I now feel, come into the category of old 
friends. The list of Guests read like a Who’s Who in World Aviation. Most 
countries in the world were represented. 

On Tuesday I went to Farnborough to the $.B.A.C. Show. Many years ago our 
eyes were “tickled” with the “ That’s Shell—that was!” “This will—it was! ” is 
the modern equivalent, I imagine—just a future and a past, but no present! 

I was delighted with the colourful scene when the red, white and blue Deltas of 
Avro appeared, but I was disappointed a little that it was impossible to appreciate 
the size of the Princess. Why was there not another aircraft flying to show a size 
difference? However, as might be expected, the Princess behaved like a lady. 

I think most people appreciated the comparative lull when the Brittania was flying. 
The absence of ear-splitting noise was quite remarkable. 

The Queen has commended John Derry and Tony Richards, and in that 
commendation there is the gratitude, pride and honour of a nation. The latter was 
a Graduate of the Society, and the former, though not a member, had lectured to 
the Society. Many will remember his paper on “ High Speed Flying ” in the October 
1951 JOURNAL. 

On Wednesday 3rd September I went to Belfast to attend the British Association 
Annual Meeting. On arrival at Queens University I was given a badge in the 
Reception Office. I was not the only one to receive this mark of membership, for 
more than half the school children of Belfast were flaunting one. I was informed 
that this year the B.A. had a record membership. 

The inaugural lecture by Professor A. V. Hill was preceded by a graduation 
ceremony, awarding Honorary Degrees. At an evening function it is usual to 
comment on the colour of the ladies’ dresses, but at this ceremony they were out- 
classed by the colour of the gowns and hoods of Doctors, Masters, and lowly 
Bachelors. All colours, and shades of colours, gave the appearance of a huge 
patchwork quilt. 

On the Thursday morning the Lecture Sessions commenced with a series of 
lectures on the various physiological factors in flying. Unfortunately there was no 
discussion which might have proved very useful. The lecture room was filled to 
capacity with interested school children who, indeed, were very conspicuous all 
the week. 

Sir Ben Lockspeiser gave the Presidential address to the G. Section (Engineering) 
on the Friday morning. He covered a large part of the aeronautical field in his 
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lecture, and showed two films which very much impressed his audience, one on 
supersonic flight and one on “ flutter.” 

After a comparatively quiet week-end, on Monday morning Mr. Keith-Lucas and 
Mr. Knowler gave their lectures. The lecture‘room was very full, so after Mr. 
Keith-Lucas’s lecture, the room was changed to one of a much larger capacity. 

The Chairman at these two meetings was Wing Commander T. R. Cave-Brown- 
Cave. 

In the evenings there were well-attended functions. There was a Civil Reception 
by the Mayor and Corporation of Belfast, a Garden Party at Stormont, given by the 
Government, a Reception at Queens University and a Conversazione at the Technical 
College, which was sponsored by the College and the technical societys of Belfast. 
At the Conversazione I was pleased to meet Mr. C. P. T. Lipscombe, the Chairman 
of the Belfast Branch. 

Although there was little time, I managed to visit Short Bros. and Harland at the 
invitation of Mr. Keith-Lucas. 

The British Association achieved something which we did not manage at Brighton. 
All delegates were given free travel on all Corporation Transport. 

In addition to the above there were tours over the Irish beauty spots; one even 
reached Dublin. I went to one—where the Mountains of Mourne rolled down to 
the sea. We visited the Belfast Water Works at Silent Valley. Water works take 
much longer to build than aeroplanes, for these were initiated in the previous century. 

The I.A.T.A Conference and the S.B.A.C. Show have brought to this country 
many welcome visitors, some of whom have visited us at Hamilton Place. Among 
our visitors have been Mr. J. R. D. Tata of Air India and Mr. V. Cadambe, 
A.F.R.Ae.S., from India, Mr. E. E. Gardner and Mr. John Nash from the Southern 
Africa Division, Group Captain Mole and Mr. Agostini from the West Indies. 

Mr. Nash is the President of the Southern Africa Division and I was very pleased 
that he was able to spend some time with me. We discussed the various problems 
of the Division, and it is hoped that some of them may be solved to our mutual 
satisfaction. 

Mr. Jerome Lederer, of America, has also visited the Society, but unfortunately 
I was not in when he called. 

I have just learned of the death of Professor F. T. Hill, who was on the very eve 
of retiral from Imperial College, London. Professor Hill has been a good friend 
to the Society, and, if that were possible, an even better friend to the members of the 
Staff of the Society. Nothing was too much trouble for him; to me he was kindness 
itself, and his advice was very much appreciated. 


Secretary 
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CONTENTS OF THE OCTOBER JOURNAL 
Air Intakes for Aircraft Gas Turbines, J. Seddon, Ph.D., A.F.RAe.S. 
The Stability in Bending of Slightly Corrugated Plates, D. G. Ashwell, M.A. 
Aeroplane Tail Loads for Longitudinal Manoeuvres, G. W. Smith and J. B. Rea. 
Correspondence—Structures Data Sheets. 
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THE AERONAUTICAL QUARTERLY—VOLUME IV 

Part I, Volume IV of The Aeronautical Quarterly is now available from the offices 
of the Society at 7s. 9d. (including postage) per copy to members, or 10s. 3d. 
(including postage) to non-members. 

The Contents of Part I, Volume IV are :— 
The Initiation and Propagation of Fatigue Cracks in Mild H. L. Cox and 


Steel Pieces of Square Section ... sinh a = J. E. Field 
The Sensitivity and Range Required in a Toepler Schlieren 
Apparatus for Photography of High-Speed Air Flow ... W. A. Mair 
Note on Mr. Mair’s Paper ... ... D. W. Holder and 
R. J. North 


On the Conditions under which Energy can be Extracted 


from an Air Stream by an Oscillating Aerofoil ... ... N.C. Lambourne 
Aerofoil Theory for Swallow Tail Wings of Small Aspec 
Ratio .. A. Robinson 


Correlation Between some Stability Problems for Ortho- 
tropic and Isotropic Plates under Bi-Axial and Uni- 
Axial Direct Stress W.H. Wittrick 


The Dust Problem in Hot-Wire Anemometry me .. D.C. Collis 


Members are reminded that Parts 2 to 4 of Volume IV will be published at 
intervals of approximately six months and that the cost of a subscription (4 Parts) is 
£1 11s. Od. (including postage) to members. The Subscription to others than 
members of the Society is £2 1s. Od., including postage. 

Copies of Volumes I, II and III are still available at these prices. 


ASSOCIATE FELLOWSHIP EXAMINATION 


The next Associate Fellowship Examination in the New Syllabus will be held in 
the offices of the Society on 15th, 16th and 17th December 1952. All candidates who 
have entered for the Examination will be informed individually of the detailed 
arrangements. 


MEMBERS’ NEW APPOINTMENTS 


AiR Commopore F. R. BANKS (Fellow) has been appointed Principal Director of 
Engine Research and Development at the Ministry of Supply. He will be responsible 
for the Ministry’s research and development programme for aero-engines. 

H. BRADLEY (Associate), formerly with English Electric at Warton, near Preston, 
has recently been appointed Liaison Engineer with Canadair Ltd. at Montreal. 

CHARLES H. Bunce (Associate), formerly of Rotol Ltd., has recently taken up an 
appointment on the design staff of Dowty Fuel Systems Ltd. 

MERVYN CUTLER (Associate Fellow) recently left the Nuffield organisation to 
rejoin Armstrong Siddeley Motors Ltd. as Technical Manager—Cars. 

HANDEL Davies (Fellow) has left his post as Head of the Aero Flight Section at 
the Royal Aircraft Establishment to become Chief Superintendent at the Aeroplane 
and Armament Experimental Establishment, Boscombe Down. 

G. D. Dawson (Associate Fellow) has recently been appointed Superintendent of 
Airworthiness and Aeronautical Engineering at the Australian Department of Civil 
Aviation in Melbourne. 

S. B. Gates (Fellow) has recently been appointed Chief Scientific Officer at the 
Ministry of Supply. He was formerly working on aircraft research at the R.A.F. 
Establishment at Farnborough. , 

J. HANSON (Fellow), formerly Chief Superintendent of A. & A.E.E., has recently 
been appointed Director of Technical and Personnel Administration at the Ministry 
of Supply. 

WING COMMANDER A. K. HUNTER (Associate Fellow) has recently been appointed 
Tech. Plans 1 at H.Q., M.E.A.F. 
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K. W. KIMBER (Associate Fellow), formerly in the Wind Tunnel Department of 
Vickers-Armstrongs Ltd., is taking up an appointment in the Aerodynamics Depart- 
ment of Canadair Ltd., Montreal. 

CapTAIN M. Lupy (Fellow) formerly Principal Director of Aero Engine Research 
and Development at the Ministry of Supply, has been appointed Director and 
General Manager of Rotax Ltd. and a Director of Joseph Lucas (Gas Turbine 
Equipment) Ltd. 

D. L. MorpDeELt (Associate Fellow) has recently been appointed to the Thomas 
Workman Chair of Mechanical Engineering at McGill University. He will continue 
to direct the Gas Dynamics Laboratory at the University. 

J. D. PEARSON (Associate Fellow), a Director of Rolls-Royce Ltd., and hitherto 
General Manager, Aero Division, has been appointed Chief Executive of the Aero 
Division. 

A. D. Ruscog (Associate Fellow) has recently taken up employment with 
Gebriider Sulzer A.F., Winterhur, Switzerland. 

C. F. Toms (Associate Fellow), formerly Assistant Chief Aerodynamicist with the 
Bristol Aeroplane Co. Ltd., has recently been appointed Technical Development 
Engineer with Percival Aircraft Ltd. 

AtR MARSHAL SIR COLIN WEEDON (Fellow), formerly Controller of Technical 
Services and Equipment at the Air Ministry is joining Rolls-Royce Ltd. on the 
export side of the Aero-Engine Division on his retirement from the R.A.F. in 
September. 

G. L. F. WELHAM (Associate), formerly Production Development Engineer to the 
Fairey Aviation Co. Ltd., has recently become Deputy Managing Director of the 
Holbrook Machine Tool Co. Ltd. 


GRADUATES’ AND STUDENTS’ SECTION 
RECEPTION 

The Graduates’ and Students’ Section will hold a Reception and Dance at the 
Society at 7.30 p.m. on Friday 3lst October, to which all members of the Section 
and their ladies are invited. Applications for tickets, price 10s. double or 6s. single, 
which includes light refreshments, should be sent (with remittance) to Mr, J. G. 
Roxburgh, 45 Fitzjohn’s Avenue, N.W.3. 
VISIT 

A visit to the College of Aeronautics, Cranfield, has been arranged for Saturday 
25th October. A coach will leave 4 Hamilton Place at 9.30 a.m., fare 10s. Lunch 
and tea will be available at extra charge. All those wishing to take part should 
notify C. B. Redgate, Grad.R.Ae.S., Hon. Visits Secretary, 83 Wandle Road, 
Morden, Surrey, not later than 15th October, enclosing remittance for the coach, 
made payable to the Royal Aeronautical Society. 

It is hoped that the visit will include inspection of the College’s wide range of wind 
tunnels, structural and propulsive test rigs, representative aircraft types, and the 


flight tests sections. 
DIARY 


LONDON. 

October 2nd. 
EIGHTH BRITISH COMMONWEALTH AND EMPIRE LECTURE. Maintaining Airworthiness in 
Operation. R. E. Hardingham, O.B.E., F.R.Ae.S. Institution of Mechanical Engineers, 
Storey’s Gate, S.W.1. 6 p.m. (Tea at 5.30). 

October 16th. 
SECTION LECTURE. The Training of Test Pilots. Group Captain A. E. Clouston, D.S.O., 
D.F.C., A.F.C. In the Library, 4 Hamilton Place, W.1. 7 p.m. 

October 30th. 
SECTION LECTURE. Temperature Control for Pressure Cabin Jet Aircraft. Dr. E. W. Still, 
B.Sc.(Eng.), A.C.G.I., F.R.Ae.S. In the Library, 4 Hamilton Plate, W.1. 7 p.m. 

November 12th. 
MAIN LECTURE AT THE WEYBRIDGE BRANCH. The First R. K. Pierson Memorial Lecture— 
Rex Pierson—An appreciation and the Lessons of His Work. Sir A. H. Roy Fedden, 
M.B.E., D.Sc., F.R.Ae.S. At Vickers-Armstrongs Ltd., Weybridge Works. 6 p.m. 
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November 20th. 
SECTION LECTURE. The Design of a Wind Tunnel Balance. L. E. Leavy, A.F.R.Ae.S., and 
C. J. Saunders. In the Library, 4 Hamilton Place, W.1. 7 p.m. 

(Note:—The Lecture Card is enclosed with Chis Journal.) 

November 4th. 
GRADUATES’ AND STUDENTS’ SECTION. Liquid Fuel Rocket Motors. B. R. Diplock, B.Sc., 
Grad.I.Mech.E., Grad.R.Ae.S., D. L. Lofts, Grad.R.Ae.S., R. A. Grimston, Grad.I.Mech.E., 
Grad.R.Ae.S. In the Library, 4 Hamilton Place, W.1. 7.30 p.m. 

BRANCHES. 

October 6th. 
Halton—Branch Night. Branch Hut, R.A.F. Station, Halton. 6.45 p.m. 

October 8th. 
Brough—Guided Missiles. A. R. Weyl. Lecture Hall, Electricity Showrooms, Hull. 7.30 
p.m. Admission by ticket only. 
Reading and District—Power-Operated Controls. C. F. Joy. At the Abbey Gateway 
Room, Abbott's Walk. 7.45 p.m. 

October 11th. 
Halton—Annual General Meeting. 4 p.m. Followed by lecture, Excellence in Aviation— 
and the College of Aeronautics. Air Marshal Sir Victor Goddard, K.C.B., C.B.E. 6.45 p.m. 
Branch Hut, R.A.F. Station, Halton. 

October 15th. 
Bristol—The Contrast Between Servicing and Reliability. Group Captain G. M. Buxton, 
O.B.E. Conference Room, Bristol Aeroplane Co. Ltd., Filton House. 6 p.m. 
Coventry—Radar. R. King. The Wine Lodge. 7.30 p.m. 
Glasgow—Film Evening. Royal Technical College. 7.30 p.m. 
Southampton—Production of the Comet. H. Povey. Joint Lecture with the Institution of 
Production Engineers. Polygon Hotel. 7 p.m. 

October 22nd. 
Halton—Visit to a Forestry Commission Research Station. 
Luton—Film and Discussion Evening. George Hotel. 7.30 p.m. 
Weybridge—The Work of the Wind Tunnel at Vickers-Armstrongs Ltd., Weybridge. P. J. 
Wingham. Vickers-Armstrongs Ltd. 6 p.m. 

October 24th. 
Birmingham—Peace-time Applications of Atomic Energy. Dr. H. J. Swallow. Birming- 
ham Chamber of Commerce. 7.15 p.m 
Brough—Annual Dinner-Dance. Ye ‘Olde Duke of Cumberland Hotel, North Ferriby. 

November 3rd. 
Halton—Lecture by a Junior Member. Branch Hut, R.A.F. Station, Halton. 6.45 p.m. 


November 6th. 
Southampton—Operational Requirements. Air Vice-Marshal G. W. Tuttle. C.B.. O.B.E., 
D.F.C. Institute of Education, The University. 7 p.m. 

November 10th. 
Bristol—Structural Developments in Ships. J. C. Lawrence. Conference Room, Bristol 
Aeroplane Co. Ltd., Filton House. 6 p.m. 

November 12th. 
Brough—Meteorological Service for B.O.A.C. Comet Operation. E. Chambers. Electricity 
Showrooms, Hull. 7.30 p.m. Admission by ticket only. 
Luton—Trainer Aircraft. Wing Commander Wroath. George Hotel. 7.30 p.m. 
Weybridge—Main Society Lecture. R. K. Pierson Memorial Lecture—Rex Pierson—An 
Appreciation and the Lessons of His Work. Sir A. H. Roy Fedden. Vickers-Armstrongs 
Ltd., Weybridge Works. 6 p.m. 

November 14th. 
Glasgow—Servo-Mechanisms. A. J. H. Cruickshank. Royal Technical College. 7.30 p.m. 

November 17th. 
Halton—Rocket Propulsion and Interplanetry Travel. A.V. Cleaver. Branch Hut, R.A.F. 
Station, Halton. 6.45 p.m. 

Bristol—Britain’s Economic Position. Sir Cecil Weir, K.B.E., K.C.M.G., M.C. (By invita- 
tion of the Institution of Production Engineers.) At Royal Fort Physics Laboratory, 


Bristol. 7.30 p.m. 
Coventry—BRANCH AREA MEETING WITH THE BIRMINGHAM BRANCH. Helicopters. Raoul 


Hafner. Queen’s Road Hall, Coventry. 7.30 p.m. Coaches will leave the Hall of Memory, 
Birmingham, at 6.30 p.m. 
Reading and District—Sabres in Korea. Lt.-Cdr. J. Bailey, R.N. At the Abbey Gateway 
Room, Abbott’s Walk. 7.45 p.m. 
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SOCIETY OF BRITISH AIRCRAFT CONSTRUCTORS’ EDUCATIONAL 
GRANTS 


The following were awarded Educational Grants by the Society of British Aircraft 
Constructors at a Selection Committee meeting held in the offices of the Royal 
Aeronautical Society on 30th July 1952:— 


D. C. Cook, Lime Cottage, Little Bushey Lane, Bushey Heath, Herts. (To serve 
his apprenticeship with Handley Page Ltd.). 

M. Harding, 73 Chatham Avenue, Hayes, Bromley, Kent (To serve his apprentice- 
ship with Hawker Aircraft Ltd.). 

H. T. Clifford Hawthorne, 181 Woodcote Road, Mapledurham, Oxon. (To serve 
his apprenticeship with The de Havilland Aircraft Co. Ltd.). 

H. Bartham Lake, The Vicarage Flat, Spelsbury, Charlbury, Oxon. (To serve his 
apprenticeship with Gloster Aircraft Co. Ltd.). 

J. D. Lean, 19 Le Neve Road, Marsham, Norwich (To serve his apprenticeship 
with Vickers-Armstrongs Ltd., Weybridge). 

D. L. Pegrum, “Walden,” Whitehouse Road, Eastwood, Essex (To serve his 
apprenticeship with The de Havilland Aircraft Co. Ltd.). 

J. Raine, 13 Woodmere Avenue, Watford, Herts. (To serve his apprenticeship with 
Handley Page Ltd.). 

R. G. M. Scarfe, 12 Burlington Court, George V Avenue, West Worthing (To 
serve his apprenticeship with The de Havilland Engine Co. Ltd.). 

P. Smith, 12 Brook Road, Wortham, Diss, Norfolk (To serve his apprenticeship 
with Handley Page Ltd.). 

The Scholarship Selection Board consisted of representatives of the Royal 
Aeronautical Society and the Society of British Aircraft Constructors. 


ELECTIONS 


The following is a list of new members and transfers of membership of the 
Society:— 


Associate Fellows Harold George Newbigin 
Neil Burgess Norman Ernest Richards 
William Jackson (from Associate) Eugene Emil Stoeckly 

Associates 
Charles Vincent Wills James Verster Zastron 

Graduates 


Charles Russell Chrisp (from Student) | Prabhakar Narayan Kulkarni 


Students John Richard Marsh 
Kirill Andrew Bolonkin Tan Traill Sutherland 
Johinder Prakash Malik Harold Burcham Thompson 
Companions 
Marshall Laird Cecil William Edgar Small 


CHANGES OF ADDRESS 


To assist in keeping the records of members correct and up to date the Secretary 
will be glad if all members will notify him as soon as possible of changes of address. 
When notifying changes please give the following particulars:— 
Name (in block letters). 
Grade of membership. 
New address (in block letters). 
Old address. 
Changes of address must be received before the 15th of the month in order to be 
effective for the JOURNAL for the following month. 
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Air Intakes For Aircraft Gas Turbines 


J. SEDDON, Ph.D., A.F.R.Ae.S. 


The 837th Lecture to be given before the Royal Aeronautical Society, was delivered at the 
Institution of Civil Engineers, Great George Street, London, S.W.1, on 6th December 1951. 
Mr. G. R. Edwards, M.B.E., F.R.Ae.S., Vice-President of the Society, presided and introduced 
the Lecturer, Dr. J. Seddon, A.F.R.Ae.S., of the Royal Aircraft Establishment. 


l. INTRODUCTION 


Ten years ago Great Britain’s first jet 
aircraft, the Gloster E28/39, made its initial 
flight. It had an air intake in the nose of the 
fuselage, and a Royal Aircraft Establishment 
report of wind tunnel model tests gave the 
intake ram efficiency as 99 per cent. Those 
who were concerned at the time with the 
aerodynamic problems of installing ducted 
radiators in cramped situations, or inducing 
reluctant air flow over the fins of air-cooled 
engine cylinders, were much encouraged by 
this indication of a new era in duct 
aerodynamics. A pitot-type entry and low- 
velocity duct, no sharp bends, no rapid 
diffusion*, these surely were signs of an 
aerodynamicist’s Utopia. But the dream was 
shortlived. Complications developed as soon 
as operational requirements crept in and 
higher performances were sought. Intakes 
were driven out from the nose, the problems 
of cramped quarters and awkward bends 
returned, and before long most of the 
desirable features of that first venture were 
the exception rather than the rule. 

Only about 25 per cent. of British designs 
have had true pitot-type entries. Yet for all 
subsonic flight speeds, and well into the 
supersonic range, the pitot intake gives high 
efficiency and presents relatively few aero- 
dynamic problems. A decree that all jet 
aircraft must have their intakes in the nose 
would remove most of the raison d’étre of the 
intake aerodynamicist. His careful adjust- 
ment of entry area to obtain the optimum 
size, his doubts as to whether a lip or a by- 
pass will provide the better method of 
diverting the boundary layer, his concern over 


*The actual installation was of plenum chamber 
type (see Section 3.2) but the plenum chamber 
was not represented on the model. The signifi- 
cance of plenum chamber loss escaped attention 
for several years. 
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the possibilities of unstable flow and bad 
distribution, these and other troubles would 
hardly arise. He may be said to exist on the 
eccentricities of side intakes. 

This preference for placing intakes in the 
wing root, on the sides of the body, behind 
the blade roots of rotating propellers, and at 
times down near the tail, has given rise to 
many aerodynamic problems, some interest- 
ing, others merely necessary. Intake design 
in the average case has come to involve the 
striking of a difficult and many-sided 
compromise. In this paper it is proposed to 
describe the more important aspects that 
arise, to indicate their position in the general 
compromise, and to show how far, by 
analysis and correlation of experimental data, 
it has been possible to simplify the problems 
and generalise the answers in a way which is 
helpful to the designer. 

It is important that the necessity for 
compromise should be realised and borne in 
mind. There are not the resources in Great 
Britain for a thorough investigation to be 
made of every flow problem that arises, and 
only by holding firmly to the target of a 
practical design with good all-round efficiency 
can British designers keep in the forefront of 
progress. 

The paper deals mainly with the subsonic 
aircraft intake. This is largely a question of 
consistency of terminology, and of ease and 
simplicity of presentation. Many of the 
problems carry over into the supersonic 
range without fundamental change, but not 
unnaturally the mode of expression is often 
different. The method of this paper is touse the 
concepts and terminology of incompressible 
flow which are employed directly in 
the course of low-speed wind tunnel, or full 
scale, testing and analysis. The primary 
objective is to apply the results so obtained to 
high subsonic aircraft, bearing in mind the 
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need for Reynolds number and Mach number 
corrections. These are not discussed in 
detail, but it will be obvious that they have 
much in common with the type of correction 
made to the standard aircraft characteristics, 
principally that of drag. As a secondary 
result the way in which conclusions carry 
over to the supersonic aircraft will be 
indicated from time to time. 

The paper is concerned with the air intake 
as a field of aerodynamic problems, not with 
overall performance comparisons. Thus a 
discussion of the additional loss occurring 
with a plenum chamber installation carries no 
intended implications about the relative 
merits of engines with single- or double-sided 
compressors. The efficiencies of propeller- 
turbine and pure jet intakes are shown side by 
side without attempting to draw any con- 
clusions as to the rightful spheres of operation 
of the two types of propulsive unit. Such 
wider issues have been argued elsewhere, by 
persons more qualified to do so than the 
present author. It is only necessary at the 
outset to have some idea of the significance 
of the intake problem in modern aircraft 
design. 

Physically the air intake is taken to mean 
the complete engine air ducting system 
upstream of the compressor inlet, i.e. it is 
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Fig. 1.—Effect on engine performance of 10 per 
cent. loss of intake adiabatic efficiency. 


normally that part of the installation for 
which the aircraft designer is primarily 
responsible. On a typical single-engined, 
pure jet aircraft the total entry area of the 
intakes amounts to a little under one per 
cent. of the wing area, or about 15 per cent. 
of the maximum frontal area of the body. 
The total intake volume has in the past 
usually been between 10 and 30 cubic feet, 
this representing on the average about 5 per 
cent. of the total cubic capacity of the 
fuselage. These figures give some idea of 
size but speak little of the difficulty of 
installation, for which normally the engine 
position is prescribed, the choice of entry 
position is strictly limited, and the arrange- 
ment of the ducts has to be compatible with 
an economic and efficient dispositioning of 
main structure, pilot’s accommodation, fuel 
tanks, armament and equipment. 

The importance of maintaining high intake 
efficiency is illustrated in Fig. 1, which is 
taken from calculations for a typical engine. 
At a flight Mach number of 0.9, a [0 per cent. 
loss of intake adiabatic efficiency* results in 
from 7 to 10 per cent. loss of sea level static 
thrust and from 2 to 4 per cent. increase in 
specific fuel consumption. At a Mach 
number of 1.2 these penalties are increased 
by more than 50 per cent. 


NOTATION 

V, flight speed 

V, mean entry velocity 

S approach surface area 

, entry area 
area at end of intake duct 
velocity at end of intake duct 
flight Mach number 
M.,i, critical Mach number 

1, approach length of 

intake 

l, length of enclosed duct 

V velocity at an arbitrary 


section 9) 
A, stream tube area in free = 
stream 


A stream tube area at 
arbitrary section 
6» frictional force on an element of 
wetted surface 
c; skin friction coefficient 


* Adiabatic efficiency is not strictly the same as ram 
efficiency, which is the form used in the main part 
of the paper. The difference is small, however, 
in the range of Mach number considered. 


OCTOBER 1952 


2. 

in 

e} 

to 

e 

fo 

e 
x 


| 


AIR INTAKES FOR AIRCRAFT GAS TURBINES 749 


x distance from leading edge of 
approach (in Section 4) 
x distance from leading edge of entry 
(Fig. 20) 
P length of wall round section in 
contact with the flow 
pair density 
H total head 
4H ioss of total head 
AH, loss of total head due to blade roots 
4pV,*, mean dynamic head at entry 
q. 4pV,’, dynamic head in free stream 
Ne ram efficiency 
k an empirical constant used in the 
assumption V=k'V, 
I integral defined by Equation (4) 
o ratio of c; on approach to c; on duct 
n» by-pass efficiency 
J defined just after Equation (5) 
p, free stream air density 
p, air density at entry 
A,, frontal area of entry fairing (see 
Fig. 18) 
D,», maximum thickness of wing, or 
diameter of body 


length of fairing 
Ry radius of fairing (see 
r distance (radius) from Fig. 19) 


centre line of entry 
radius of entry 
pressure coefficient 
a constant in Section 7.3 
engine speed (r.p.m.) (in Fig. 6) 
number of blades (in Fig. 7) 
free stream total temperature 
representative radius | in Figs. 
representative thickness { 7 and 8 
incidence of intake 
width of annular intake, or entry 
radius for circular intakes (see 
Fig. 13) 
pi entry tip radius (see Fig. 13) 


WSS 


2. GENERAL 
CONSIDERATIONS 


2.1. Two FIELDS OF FLOW 


The intake problem subdivides naturally 
into separate consideration of internal and 
external flow. The first duty of an intake is 
to deliver a prescribed quantity of air to the 
engine with maximum pressure energy. 
This is the problem of the internal flow, and 
the efficiency with which the process is per- 
formed comes out in the final thrust of the 
engine. In addition the intake must interfere 
as little as possible with the aircraft charac- 
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teristics. This is the external flow problem, 
the resolution of which comes out mainly in 
the aircraft drag. A further distinction 
should be noted. The problem of internal 
flow can be studied almost entirely by means 
of wind tunnel or full scale tests at low speed, 
because on a subsonic aircraft it can normally 
be assumed that the internal flow is every- 
where subsonic. This means that the 
application of corrections for compressibility 
is a relatively straightforward process. Not 
unnaturally the British contribution to the 
study of intake problems has been largely on 
this side. The study of external flow is much 
more dependent on the direct evidence of 
tests at high Mach number, owing to the 
presence of areas of supersonic flow on the 
body which cannot be reproduced at low test 
velocities. Both American and German 
research have made valuable contributions 
in this respect. 


2.2. ENTRY FLOW PATTERNS 


Most of the problems of intake design are 
connected with flow processes occurring in 
the immediate neighbourhood of the entry, 
where the separation between internal and 
external flow takes place. Fig. 2 illustrates 
four distinct types of flow pattern at entry 
which occur under different flight conditions. 
The distinguishing parameter is the entry 
velocity ratio (the ratio of flight speed V, to 
mean entry velocity V,) and the values 
typifying the four regimes are V,/V,=0, 1, 
2 and 3. For convenience, and to indicate 
where the problems lie, the four regimes will 
be labelled the static, climb, level flight and 
dive conditions respectively. In practice 
each of these terms covers a range of values 
near the typical one, and precise design 
points, such as the top-speed velocity ratio, 
vary from aircraft to aircraft. 

In the static case the air accelerates into 
the entry from all directions. The velocity 
over any wetted surface external to the duct 
is low, and so the effect of external boundary 
layer is generally negligible. On the other 
hand, pressure gradients round the lips are 
severe. This leads to rapid boundary layer 
development just inside the entry or, in some 
cases, to separation. It is clear that lip 
radius will play a major part in determining 
the extent of losses arising in this way. 

As the aircraft speed is increased, with V, 
more or less constant, the relative accelera- 
tion into the intake decreases rapidly until, 
in the climb condition, the air flows into the 
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Fig. 2.—Entry flow patterns. 


entry with practically no change in speed or 
direction. As might be expected, most 
designs show a minimum loss near this 
condition. 

The third regime in Fig. 2 is that of level 
flight at or near top speed. In this case the 
air decelerates to about half speed between 
the free stream and the entry. Losses in the 
boundary layer on wetted surfaces ahead of 
the entry now play an important part, firstly 
because they accumulate at much _ higher 
velocity than that inside the duct and 
secondly because the adverse pressure 
gradient accompanying the pre-entry retarda- 
tion may cause the boundary layer to 
separate. This flow pattern also indicates the 
high velocity region on the outside of the lip, 
which determines the critical Mach number 
of the intake. The excess velocity is 
accounted for partly by the thickness and 
shape of the lip and partly by the pre-entry 
retardation which effectively sets the lip at a 
positive incidence. 


In the dive case, with a non-pitot type 
intake there is an increased tendency for the 
boundary layer to separate in the region of 
adverse pressure gradient. It is convenient 
to regard this case as a separate condition 
because the practical implications are 


different from the previous one. The concern. 


is not so much for high intake efficiency as 
for the possibility of aircraft vibration and 
other effects of separated flow. 


2.3. SCHEMATIC VIEW OF 
PROBLEMS 

It can now be seen in some detail what 
are the main problems which affect the final 
compromise in the design of a typical intake. 
These are shown schematically in. Fig. 3. 
The problems of internal and external flow, 
by their nature, for the most part, need to be 
considered separately. The first considera- 
tion will usually be that of pressure recovery, 
or intake efficiency, in the main flight range, 
particularly at high speeds. This will be 
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determined by the nature and magnitude of 
total head losses occurring both inside the 
duct itself and externally ahead of the entry. 
Inside the duct, in addition to friction on the 
walls, the possible extra losses from bends 
and expansion must be considered. An 
important instance of duct expansion 
involving loss is the case of a plenum 
chamber installation. Ahead of the duct the 
losses will be made up of friction on walls 
adjacent to the entry, with the possibility of 
flow separation in the adverse pressure 
gradient just ahead of the entry itself, and 
the drag of any blockages such as the blade 
roots of propeller-turbine installation. In 
estimating the wall losses consideration must 


be given to the desirability of fitting a 
boundary layer by-pass. 

Ground running conditions are normally 
next in importance on the internal flow side. 
Here, as was seen, additional losses occurring 
at the lips are the main concern. The 
standard of distribution of velocity at the 
compressor may be important in its effect on 
engine starting characteristics. Often the 
question of providing an auxiliary intake will 
be raised. 

At diving speeds, or with engine throttled 
back, there may be difficulty associated with 
instability of flow in the duct following 
boundary layer separation. This applies 
particularly to twin intake systems. 
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Fig. 3.—Schematic view of problems. 
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Fig. 4.—Ram efficiency of subsonic intakes (1). 
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When the external flow is considered, the 
main problem is drag. The basic profile drag 
is probably small and easily estimated. The 
difficulties come in assessing the drag of 
items like the boundary layer by-pass, and in 
designing to minimise the drag rise caused by 
compressibility effects. 

The possibility of other external effects, 
such as a premature wing stall from a leading 
edge intake, should not be overlooked. The 
risk of stalling the wing root is not so great 
on a swept-back design as on a straight-wing 
layout. Instances of such effects are rare and 
no further discussion of them is given in this 
paper. 

In this scheme, connections between one 
feature and another are close and inescapable. 
There are no watertight compartments. A 
modification to the design such as a change 
of entry area can affect every single feature 
of the compromise. The research worker is 
continually faced with the difficulty of 
deciding how far he can profitably take a 
particular line of investigation, the success- 
ful outcome of which might be rendered 
inapplicable by a consideration from some 
remote part of the general scheme. 

The problems outlined fall into three 
groups under the following headings :— 

(i) Pressure recovery. 

(ii) Other aspects of internal flow. 

(iii) Drag. 
These subjects are examined in greater detail 
in Sections 3, 6 and 7 respectively. In 
Section 4 a simple theory of intake loss under 
flight conditions is given. Section 5 contains 
a general discussion of two particular forms 
of intake, the intake in a swept wing leading 
edge and the N.A.C.A. submerged intake. 


3. PRESSURE RECOVERY 


3.1. SIGNIFICANCE OF POSITION 
RATIO 


The pressure recovery of a subsonic air 
intake is equal to the available isentropic 
pressure rise corresponding to the forward 
speed of the aircraft, less the total effect of 
all losses occurring between free stream 
conditions and those at the compressor inlet. 
These losses may be incurred in any or all 
of the following ways :— 

(i) by friction on the walls of the duct, 


(ii) by friction on the approach surfaces, i.e. 
those surfaces ahead of the entry which 
are wetted by the intake flow, 
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(iii) by turbulent mixing as the result of flow 
separation caused by bends, over-rapid 
diffusion, sudden expansion (e.g. into a 
plenum chamber), or the adverse 
pressure gradient imposed by the entry, 

(iv) from the drag of blockages either in the 
duct or in front of the entry (e.g. the 
blade roots of a conventional propeller- 
turbine installation). 

A new intake design of doubtful efficiency 
will usually be given a low-speed wind-tunnel 
test. This provides a check on the suitability 
of the chosen entry area, an opportunity to 
modify the detailed shape of the duct, and 
the data necessary to decide whether special 
devices such as a boundary layer by-pass will 
be required. Excluding for the moment 
plenum chamber installations and propeller- 
turbines, these measures can normally be 
expected to take the development up to a 
stage where all flow separations are 
suppressed, and the losses are reduced to 
those arising from skin friction in a field of 
varying velocities and pressure gradients. 
Analysis of past results shows that in these 
circumstances the most important factor 
which discriminates between one design and 
another is the quantity and state of external 
boundary layer taken into the duct from the 
approach surfaces. Fig. 4 shows a correla- 
tion of wind-tunnel model results for direct 
inlets (i.e. no plenum chambers or propeller- 
turbines) on this basis. Intake ram 
efficiency* in the design top-speed condition 
(V/V, between 1.7 and 2.3) is plotted against 
the ratio of approach surface area S to entry 
area A,. This parameter will be called the 
position ratio, since it defines the distance of 
the entry behind the nose or leading edge in 
an aerodynamic sense. Distinctions are made 
between pitot intakes, wing root intakes and 
side intakes. These are the three main classes 
into which, for this purpose, most present- 
day intakes can be grouped. For pitot-type 
intakes the position ratio is zero by definition. 
It is seen that wing root intakes have values 
of §/A, varying between about 3 and 12 
according to their proximity to the side of the 
body, whether a boundary layer by-pass is 
provided and so on. For side intakes the 
value varies between about 5 and 20 for 
similar reasons. 

The scatter of results represents differ- 
ences of internal duct loss as between one 


*Ram efficiency is defined as the mean total head 
at compressor relative to atmospheric static pres- 
sure, divided by the free stream dynamic head. 
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arrangement and another. These differences 
are generally of the order of + 2 per cent. 
Allowing this amount of random variation, 
there is a steady fall-off in efficiency as the 
position ratio increases. For each increase 
of wetted area equal to the entry area, the 
efficiency drops by rather less than one per 
cent. The variation with §/A, can be calcu- 
lated by means of a semi-empirical formula 
given later in the paper. The diagram shows 
that if an allowance of 3 per cent. is made 
for the average internal duct loss, the calcula- 
tion provides a good mean line to the 
experimental points; the region bounded by 
lines calculated for one per cent. and 5 per 
cent. duct loss encloses practically all the 
results. 

Most developed intakes show efficiencies 
of more than 90 per cent. To achieve this 
result often requires the use of a boundary 
layer by-pass, as in the Attacker. It should 
be noted that in this particular case the 
diagram does not give the whole story 
because the model had no plenum chamber. 
A by-pass removes a proportion of the 
approach boundary layer and so reduces the 
effective position ratio of the intake. With 
a full set of measurements of intake loss, both 
with and without by-pass, the effective 
position ratio can be deduced for the case 
with by-pass present. The proportionate 
reduction in S/A, may be taken as defining 
the by-pass efficiency. This efficiency for the 
Attacker by-pass, for example, is about 70 
per cent. The use of a by-pass improves the 
ram efficiency of the intake by about 11 per 
cent. A 100 per cent. efficient by-pass would 
effectively convert the intake to pitot type. 


3.2. PLENUM CHAMBERS 


Occasionally in the past, progress in intake 
research and development has been retarded 
by the emergence of a problem which proved 
to be beyond the reasonable scope of wind- 
tunnel model testing. One such problem, 
which actually was present from the early 
days but took a long time to be appreciated, 
concerns the plenum chamber installation of 
an engine with double-sided centrifugal com- 
pressor. Owing to space restrictions, it is 
never possible to diffuse efficiently in the 
intake duct up to the full cross-sectional area 
of the plenum chamber, and in practice there 
has invariably been a sudden, or very rapid, 
expansion from the duct into the chamber. 
A typical layout is represented pictorially in 
Fig. 5. 


Early model tests were confined to the 
measurement of pressure recovery in the 
duct, the plenum chamber being omitted 
from the model. The theoretical expansion 
loss was small for installations then con- 
sidered, and it was hoped that in practice the 
blockage effect of the engine might encourage 
rapid expansion and so reduce the loss below 
the theoretical. Later, when it became 
apparent that the loss in certain circumstances 
could be very large, more representative 
model tests were undertaken. From the 
mere representation of an empty plenum 
chamber the model passed to more compli- 
cated versions, involving block simulation of 
the more obvious masses associated with the 
engine, and correct positioning of model 
engine intakes. The discrepancies between 
different versions and between model and 
flight, caused considerable confusion and an 
entirely satisfactory solution to the model 
technique was never found. It was left to 
flight tests, made mainly by Rolls-Royce 
Ltd., to provide the ultimate clarification. An 
analysis of these tests is shown in the 
diagram, where plenum chamber loss is 
plotted against (1/A,)’, A, being the duct 
area just before the sudden expansion. The 
measurements have been converted to a 
common flight speed and engine air flow. 
Despite considerable scatter the results are 
sufficiently systematic to establish a broad 
conclusion, namely that in practice the total 
loss is about twice the theoretical expansion 
loss. This emphasises the importance of 
providing a large duct area before the plenum 
chamber. The oustanding example is that 
of the Nene-Vampire. Retrospectively it can 
be seen that it was unreasonable to install 
the Nene engine in a Vampire using only the 
standard duct area of about two square feet. 


Subsequent modification of the duct system | 


in this case led finally to the provision of a 
reasonably good intake. 


The Meteor IV (Derwent V engine) pro- 
vides another example where considerable 
improvement was obtained by enlarging the 
intake duct. Fig. 6 shows the actual results 
obtained by Rolls-Royce in a flight com- 
parison of the two intakes. The efficiencies 
recorded at top speed were 85 per cent. with 
the standard intake and 93 per cent. with the 
enlarged intake. This case was relatively 
simple in that, being a pitot-type intake, the 
duct could be enlarged forward to the entry, 
thereby avoiding a large increase in the rate 
of internal diffusion. With side intakes it is 
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Fig. 6.—Flight tests of Meteor with standard and enlarged intakes (10,000 ft.). 


considerably more difficult to obtain an 
efficient compromise. 

At this point the author would like to pay 
tribute to the excellent work done by the 
Experimental Department of Rolls-Royce 
Ltd. on this and many other problems of air 
intake design. Over a period of years the 
department has mustered an impressive 
array of wind-tunnel, ground rig and flight- 
testing facilities, which it has used to great 
advantage. The close liaison which exists 
between Hucknall and the R.A.E. has been 
most helpful in furthering experimental work 
at both places and extending the common 
front of knowledge. 


3.3. BLADE ROOT LOSS ON 
PROPELLER-TURBINES 


Another important form of intake loss 
which comes outside the category of frictional 
losses is that caused by the blade roots on a 
propeller-turbine installation having the 
conventional arrangement of an annular 
intake close behind the propellers. Wind- 
tunnel model tests’ have shown that in a 
typical case the total intake loss may be 
about 25 per cent. ram, of which 15 per cent. 
is attributable to the blade roots. The flow 


over the roots is complicated in character 
because of the large thickness/chord ratio of 
the root sections and the existence of 
centrifugal forces acting on the boundary 
layer. A rough rule for estimating the loss is 
shown in Fig. 7. This involves simply the 
blockage ratio of the blades and an effective 
drag coefficient. 

The value of the coefficient appears to be 
relatively insensitive to changes of root 
thickness/chord ratio over a considerable 
range. Asa result there is little advantage to 


be gained by having flared roots with large: 


root chords, and if this involves an increase 
of actual section thickness, the effect may be 
detrimental. Modern blade development is 
more in the direction of producing thinner 
roots and this is a surer way of reducing the 
intake loss. A good modern four-blade 
propeller on an engine like the Mamba may 
be expected to have a blockage ratio of the 
order of 16 per cent. and will therefore be 
responsible for the loss of about 8 per cent. 
ram in the intake. 

An alternative way of obtaining an increase 
of intake efficiency with a propeller-turbine 
installation is by means of a ducted spinner. 
This gives a large reduction in velocity over 
the blade roots and effectively converts the 


OCTOBER 1952 


| t 
€ 
100 
| i 
r 
| 
x 

ax 

x 
| 
N To 


Av 


AIR 


intake itself to pitot type. The diagram in 
Fig. 7 compares model results”’ for the 
Napier Naiad ducted spinner and a conven- 
tional annular intake designed for the same 
engine. The advantage of the ducted spinner 
amounts to 19 per cent. ram and results in an 
intake giving 90 per cent. efficiency. The 
main disadvantages of the ducted spinner 
are its weight and the difficulty of providing 
satisfactory protection against ice. 


3.4. CORRELATION OF SUBSONIC 
INTAKES 


It has been shown that the pressure 
recovery of a subsonic intake in high-speed 
flight depends primarily on three factors :— 


PiteTs 


_ TYPICAL MODEL. 


CONVENTIONAL ANNULAR INTAKE 
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(i) the intake position ratio, 
(ii) whether the engine is of the direct inlet 
or plenum chamber type, 


(iii) whether the method of propulsion is by 
pure jet or propeller-turbine. 


If either plenum chamber loss or blade root 
loss is present, this tends to dominate the 
picture. But the influence of position ratio 
is just as great as for direct inlet, pure jet 
engines. To provide a comprehensive view 
of the situation Fig. 8 has been prepared 
showing all the three main classes of intake 
on a position ratio basis. The plenum 
chamber results are converted to a common 
and reasonably average set of conditions at 
the duct exit, and the propeller-turbine 
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Fig. 7.—Propeller-turbine intakes. 
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Fig. 8.—Ram efficiency of subsonic intakes (2). 


results to a common blade root blockage 
ratio of a typical order. Position ratio for 
the propeller-turbine intakes is defined on 
the total surface area of the spinner. 

For direct inlets and propeller-turbines, 
where the results are from low-speed model 
tests, an estimated curve for the full-scale 
variation is also given, which allows for 
Reynolds number effects on the effective 
skin friction coefficient and blade root drag 
coefficient. 

The collection illustrates the wide 
variations that occur and makes it possible to 
put into perspective a few well-known 


examples. Thus the Vampire intake (96 per 
cent.) has a low position ratio and a direct 
inlet. Cases such as the Meteor (88 per 
cent.) and Attacker (85 per cent.) (these being 
values converted to constant plenum chamber 
conditions) are dominated by the plenum 
chamber loss. Propeller-turbine intakes (82 
per cent. in a typical case) have the blade 
root loss, which is 8 to 10 per cent. for the 
average propeller, and also a high position 
ratio. 

No radical change in the picture is to be 
expected up to sonic flight speed, since the 
relevant flow field, in most cases, is wholly 
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subsonic. At supersonic speeds the decelera- 
tion to compressor velocity must take place 
in part through a shock system in which 
further loss is incurred. At speeds only 
slightly above a Mach number of 1.0 it may 
be that this loss will add to the subsonic 
losses without further complication. Later 
the interference effects between shock wave 
and boundary layer are likely to become 
important. Whatever the outcome the 
experimental and analytical methods which 
have been used in the past may be expected 
to prove useful and reliable in exploring the 
future. 


4. THEORY OF SUBSONIC 
INTAKE LOSS 


The pressure recovery of an intake at its 
top-speed entry velocity ratio is usually the 
most important single characteristic property 
of the design. A model test, however, should 
preferably determine the intake loss over the 
complete speed range. This will enable the 
designer to judge whether the top-speed 
design point is sufficiently close to the point 
of optimum ram efficiency. If this is not the 
case, a re-design involving a change of entry 
area may be required. Also, conditions at 
other speeds, e.g. the static condition, may 
be important in themselves. 

The opportunity is taken to present in this 
paper, as briefly as possible, the details of a 
simple semi-empirical theory of intake loss 
for subsonic intakes of the direct or fully- 
ducted type. The approach, which so far as 
the author is aware has not been given before, 
brings out the significance of position ratio 
which has already been demonstrated in the 
empirical correlations of the previous section. 
It provides a method of estimating the loss 
characteristic—and hence the ram efficiency 
—of a new design over the range of flight 
conditions from climb (V,/V,=1.0) through 
level flight (V,/V,=2.0) up to the highest 
velocity ratio which avoids boundary layer 
separation ahead of the entry. If the 
additional lip losses in ground running are 
known (see Section 6.1) the complete charac- 
teristic from V,,/V,=0 can be constructed. 
Important design values, such as the velocity 
ratio for optimum ram efficiency, or the 
limiting value for stable flow in twin intake 
systems (see Section 6.2) are easily derived. 

Consider the flow into an intake as shown 
diagrammatically in Fig. 9. The length /, 
represents the approach length, or length of 
wetted surface ahead of the entry. The 
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length /, represents the enclosed duct from 
entry to compressor inlet position. It is 
assumed that the flow is incompressible, free 
from separations, and fully mixed through- 
out, i.e. the speed and direction are uniform 
across any section normal to the axis of the 
duct. 


At an arbitrary section (velocity V, total 
stream tube area A), the friction force on an 
element of wetted surface is 


where c; is the skin friction coefficient, and 
P is the length of wall round the section in 
contact with the flow (inside the duct P=total 
perimeter). The equivalent pressure drop is 
oF 61: Fe 
and the loss of total head in the intake is 
given by an integration of this pressure drop 
over the full length. Hence if 4H is the 
total head loss, and qg, the mean dynamic 
head at entry, 


@ 


AH /4q, is termed the intake loss coefficient. 
Its relationship to the ram efficiency 1, is 


A loss coefficient of 0.1 corresponds to about 
2 per cent loss of thrust. 


The integration is considered in two parts. 
Inside the duct the equation of continuity can 
be used to substitute known areas for 
velocities. On the external approach the 
velocity varies in some such way as that 
shown in the diagram. Since (a) it is known 
from experimental evidence that the pre- 
entry retardation takes place in a short 
distance ahead of the entry and (b) the effects 
of a stagnation region near the nose of a 
fuselage and the excess velocity on the 
shoulder will largely cancel, it follows that 
the friction loss on the approach is not greatly 
different from what it would be if the velocity 
were uniformly V,. The assumption therefore 
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Fig. 9.—Diagram of intake flow and velocity variation. 


is made that the velocity on the approach 

can be replaced by a constant value 

in which k is an empirical constant whose 

value is near 1.0. Assuming further that c; 

is constant, the integration in Equation (1) 


gives 
[ |] 


‘in which §/A, is the position ratio and / is 
a duct integral defined by 


GE . 


The value of J is calculated from the shape 


of the duct. For a circular pipe of constant 
diameter, 

_, length 

diameter 


which leads to a well-known formula for the 
pipe loss. 

Equation (3) is the loss equation for an 
intake without boundary layer by-pass, in 
fully turbulent flow. In analysing model 


tests it may be necessary to distinguish 
between the values of friction coefficient for 
the approach and duct because of the 


possibility of laminar flow on the approach. 
Further, if a by-pass is present this reduces 
the effective position ratio by a factor repre- 
senting the by-pass efficiency. Writing » for 
the ratio of c; on the approach to that in the 
duct, and », for the by-pass efficiency gives 
the more general form 


J=ko(1~)S/A,. 


where 


The corresponding ram efficiency is 


The usual method of plotting intake 
characteristics is illustrated in Fig. 10. Loss 
coefficient and ram efficiency are shown 
against entry velocity ratio. Curves are given 
for typical pitot and side intakes. The pitot 
intake, for which J=0, has a constant loss 
coefficient equal to 7c; and a ram efficiency 
which tends to 100 per cent. as the velocity 
ratio increases indefinitely. The loss 
coefficient of the side intake has a minimum 
value near V,/V,=1.0 and in this region 
the intake is likely to be more efficient than 
the pitot type, because it has a shorter duct. 
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Fig. 10.—Pressure characteristics of typical intakes. 


As V,/V, increases, however, the approach 
loss rapidly becomes the dominant term. 
At top speed the loss coefficient is several 
times its minimum value. The curve of ram 
efficiency reaches a maximum and then 
decreases. The asymptote in this case is the 
line ne=1-JcV,/V,. The pitot intake 
should have as large an entry as possible in 
order to operate at a high value of V,/V, in 
the top-speed condition. With a side intake 
the entry size is limited by the need to design 
fairly close to optimum efficiency. The value 
of velocity ratio corresponding to optimum 
ram efficiency is (27/J)}. A change of entry 
area on a design alters the value of both / 
and J and changes the whole characteristic. 
External consideration and the requirements 
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at low flight speeds have a large influence on 
the choice of design velocity ratio. 

As V,,/V, tends to zero the loss coefficient 
of either intake rises. This is because lip 
losses occur at low forward speeds. A 
further discussion is given in Section 6. 

The loss coefficient formula is well sub- 
stantiated by the results of low-speed model 
tests on intakes both with and without 
boundary layer by-passes. In compressible 
flow the equation becomes, to a_ first 
approximation, 


LHR) GG) @ 


Direct experimental confirmation of this 
form is required. 
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5. TWO PARTICULAR FORMS 
OF INTAKE 


5.1. INTAKE IN THE WING 
LEADING EDGE 


One of the remarkable features of that 
remarkable wartime aircraft, the Mosquito, 
was its installation of radiators in the wing 
ahead of the front spar, with an air intake in 
the form of a long narrow slit in the leading 
edge. This installation, one of the first of 
its kind, was so successful that it was 
reported to give zero overall drag, or even 
a small net thrust, at a time when cooling 
drags were accounting for anything up to 10 
per cent. of the engine brake horsepower. 
Since that time the wing leading edge intake 
has never been without adherents in this 
country, and during the gas turbine era their 
number has grown. One reason is obvious. 
On a straight-winged aircraft the wing leading 
edge provides an alternative region of pitot 
pressure for the designer unable to find room 
for an entry in the nose. Even if the intake 
is in the wing root it is normally less affected 
by the fuselage boundary layer than one 
which is built on to the side of the body. But 
with the use of swept wings comes a new 
problem. Does the efficiency of a leading 
edge intake alter with sweepback? By 
analogy with a yawed pitot tube the internal 
pressure might be expected to fall off with 
increasing angle. In fact, if the entry velocity 
ratio is near unity, sweepback as such has no 
effect on intake efficiency. But at high 
forward speed, when the air is retarded in 
front of the entry, the pitot tube analogy 
holds. 

This can be explained in the way 
illustrated in Fig. 11. The effective entry is 
the first completely closed section normal to 
the line of flight (AA in the diagram), 
because it is here that the air has finally 
decelerated to duct speed. Hence all wetted 
surfaces ahead of this section count as 
external approach area S, and boundary layer 
generated on these surfaces (indicated by 
arrows in Fig. 11) is in a similar category to 
that which comes from wetted area on the 
fuselage. This means that the swept leading 
edge intake has a non-zero position ratio and 
therefore gives a lower ram efficiency than a 
similar unswept intake. 

The amount of loss depends not only on 
the angle of sweepback but also on the shape 
of the entry. Fig. 11 shows the results of 
calculation of the variation of approach loss 
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with angle of sweepback for entries of various 
shapes, both when isolated and also when 
adjacent to a body of fixed length. For 
circular entries the loss from sweepback is 
relatively small—about 2 per cent. ram at 60° 
either with or without body. With entries of 
large spanwise elongation the loss is 2 to 3 
per cent. at 40° and 6 to 7 per cent. at 60°. 
Body effect with these shapes is small. 
Conversely for entries elongated vertically, 
the body effect is large but the effect of 
sweepback is small. The results assume no 
boundary layer lip or by-pass. Where 
necessary, special forms of by-pass can be 
devised to reduce the loss caused by 
sweepback. 

Against this growing disadvantage of a 
swept intake from the viewpoint of internal 
efficiency must be set a possible advantage in 
improved external flow. For while on a high 
subsonic swept wing design the intake in 
almost any other position is a liability, the 
wing root intake provides potentially a useful 
form of blending between wing and body. 
The flow round it has something of the 
character both of that on the isolated swept 
wing and of that on the three-dimensional 
body, so that the intake is well suited to 
make the transition from one to the other. 

Here then is a challenge to the designer. 
The leading edge intake has always provided 
a challenge, since there is an inherent risk 
in tampering with the wing root, which is one 
of the more sensitive regions in any design. 
Formerly, against the high internal efficiency 
offered, the designer had to set the risk of 
prematurely stalling the wing. On a swept 
wing design this is an unlikely contingency 
and the position, in a sense, is reversed, for 
while the efficiency has deteriorated, greater 
external gains have become possible. The 
future of the wing root intake is a matter for 
interesting speculation. With wings now 
very thin and becoming thinner, how long can 
it stay in the field? Aesthetically its passing 
would be a loss, as has been so well demon- 
strated in the attractive lines of recent types 
like the Hawker 1067 and the Valiant. 
Perhaps this last point in itself justifies the 
hope that the wing root intake will continue 
to distinguish itself on British aircraft for 
some time to come. , 


5.2. THE NACA. SUBMERGED 
INTAKE 
An interesting form of side intake was 
developed”) a few years ago by the N.A.C.A. 
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ANGLE OF SWEEPBACK OF ENTRY 
Fig. 11.—Calculated approach loss for wing root intakes. 


This is the N.A.C.A.-type submerged intake 

to which reference has been made in previous 

papers'* ’ The distinctive features of this 
type of intake are :— 

(i) the entry is submerged within the general 
fuselage contour and is approached by 
way of a long, gently-sloping ramp, 

(ii) the ramp has a narrow entry and 
divergent side walls with sharp edges. 


The interesting property of the N.A.C.A. 
submerged intake is that the divergent side 
walls, cutting across the lines of flow, set up 
a vortex motion which in turn sweeps the 
ramp boundary layer sideways and carries a 
proportion of it out past the ends of the 
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entry. The action is illustrated in Fig. 12. 
Thus the ramp arrangement works as a kind 
of boundary layer by-pass. The efficiency 
obtained is very much the same as that given 
by a protruding side intake in the corre- 
sponding position, equipped with a conven- 
tional by-pass. A problematical point is the 
relative external drag of two such intakes. 
While the more conventional layout must 
pay something for its efficiency by way of 
drag in the by-pass duct, it is equally 
undeniable that the submerged intake carries 
a drag penalty in the form of energy loss in 
the vortex motion on the ramp and in the 
mixing process behind the entry. This point 
is referred to again later in the paper. 
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Fig. 12.—Submerged intake (N.A.C.A. type) showing nature of flow on ramp. 


6. OTHER ASPECTS OF 
INTERNAL FLOW 


6.1. LIP LOSSES IN GROUND 
RUNNING 


In order to get the best performance at 
high speeds, intake lips need to be fairly 
sharp (see Section 7). Some degree of sharp- 
ness may have to be sacrificed, however, to 


avoid excessive loss under ground running 
conditions. The direct effect of lip radius on 
the additional loss at V,/V,=0 over that at 
V,/V,=1.0 is shown in Fig. 13, where the 
results of model and full-scaie tests on 
circular and annular intakes are collected. 
An increase of 0.2 in loss coefficient implies 
roughly a 4 per cent. loss of thrust. It is 


seen that when the duct is parallel just inside 
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the entry, a lip radius equal to 10 per cent. 
of the entry width is needed to keep the 
loss down to this order. Divergence in the 
duct close behind the lip is a bad feature, 
while a small amount of convergence has a 
marked effect in suppressing flow separation 
tendencies. 

Using a correlation of this kind it has 
normally been possible in the past to 
restrict ground running losses to tolerable 
limits by suitable choice of lip radii. As 
entry lips get thinner and entry area smaller 
it becomes increasingly difficult to meet 
requirements, and nowadays special measures 
may be needed. One solution is to provide 
an auxiliary inlet which functions only under 
static and low-speed conditions. On a 
number of plenum chamber installations this 
has been done by the simple and convenient 
method of fitting one or more spring-loaded 
doors in the wall of the plenum chamber. 
These open inwards automatically when 
running up on the ground and are arranged 
to close at a convenient value of forward 
speed as the ram pressure builds up inside. 
Improvements up to 15 per cent. in static 
thrust have been obtained in this way. 


An alternative device suitable for fully 
ducted intakes is that of the slotted intake 
shown in Fig. 14. In addition to providing 
auxiliary entry area, the slot works in a 
manner analogous to that of a wing leading 
edge slot for lift control, the inside of the 
duct corresponding to the upper surface of a 
wing. The slot should eject backwards into 
the duct and be of sufficient length/width to 
have good directional control of the air. The 
ideal form is a narrow slot using as much of 
the intake perimeter as possible. A device 
is required for sealing the outer end of the 
slot in flight. This may take the form of a 
hinged flap operating automatically in the 
manner of plenum chamber doors. The use 
of a slotted intake will enable a designer to 
have a smaller main entry and thinner lips, 
i.e. to match the design more closely to the 
conditions of high-speed flight. 

A problem of some consequence arises 
when the plane of the entry is not normal to 
the axis of the duct; this occurs, for example, 
with an intake in the leading edge of a swept 
wing. Under static conditions the average 
direction of flow at the entry is more or less 
normal to the entry plane, so that effectively 
the air requires to be turned through an angle 
roughly equal to the angle of obliquity of 
the entry. The flow is liable to take the 
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Fig. 13.—Lip losses in static condition. 
Results for annular and circular intakes. 


form shown in Fig. 15, in which separation 
occurs inside the rearward end of the entry. 
The losses involved are similar to the 
standard cornering losses of duct systems, as 
given in an early review by Patterson. 
Guide vanes or auxiliary inlets may be used 
to improve the flow. 


6.2. FLOW INSTABILITY 

In model tests of twin intake systems, as 
for example a pair of wing root or body side 
intakes leading into a common duct or 
plenum chamber, it has been observed that if 
the total duct flow is reduced below a critical 
value the distribution of flow between the 
two intakes becomes unsymmetrical. The 
asymmetry develops rapidly, often to the state 
where the flow in one duct is actually reversed 
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Fig. 14.— Illustration of use of a slotted intake. 


in direction. This results in a_ highly 
unsymmetrical velocity distribution at the 
compressor, a reduced pressure recovery and 
the possibility in flight of oscillating flow 
resulting in aircraft vibration. The 
appropriate flight condition would be in a 
dive at high speed, or on suddenly throttling 
back the engine while flying at moderate 
speeds. 

The effect has been described in detail in 
a N.A.C.A. report by Martin and Holz- 
hauser'®’. It is an example of flow instability, 
which is always an inherent possibility in a 
ducted system having a rising pressure 
characteristic (one in which the internal 
pressure increases with increase of flow). A 
state of equilibrium tends to be unstable 
because any momentary change in the flow 
alters the pressure in a direction tending to 
increase the disturbance. A pitot-type intake 
gives full ram pressure at zero flow and a 
falling characteristic over the whole range. 
With a side intake the pressure at zero flow 
is below the pitot value and as the flow is 
increased the pressure first rises to a 
maximum and then falls. This has been 


seen in the typical ram efficiency variation 
discussed in Section 4*. Instability is 
possible in the range between zero flow and 
the value for which the intake pressure is a 
maximum, 

It is interesting to examine briefly what 
happens in the case of a twin intake system. 
A hypothetical example is shown in Fig. 16. 
The upper diagram gives the static pressure 
recovery of either a single duct or the twin 
system, plotted directly against flow ratio 
V,/V,. In the lower diagram the flows in 
the individual ducts of the twin system are 
shown against the mean value. A mean 
flow ratio of, say 0.33, could be obtained in 
either of two ways:— 

(a) with equal flows in the two ducts, giving 
the pressure recovery of the point P: 
(b) with flow ratios 0.13 in one duct and 0.53 

in the other, the pressure recovery then 

.corresponding to the point Q. 

When P is to the left of the peak of the 
pressure characteristic, the symmetrical 
*In Section 4 pressure characteristics are plotted 
against Vo/Vi which is the inverse of the flow 
quantity. 
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condition is unstable and the unsymmetrical 
condition, with a lower pressure recovery, is 
stable. The complete characteristics of the 
system are therefore as shown by the full 
lines. Below the critical ratio V,/V,=0.37, 
the flows in the two ducts diverge rapidly and 
there is a sudden drop in pressure recovery. 
For each value of total flow two stable 
unsymmetrical conditions are possible, 
depending on which duct takes the lower and 
which the higher flow. In unsteady flight 
conditions, it is possible for the flow to 
oscillate between these two and to set up 
vibration of the aircraft. 

It is desirable therefore with twin intakes 
that the critical flow ratio shall be as low as 
possible. The value can be calculated by use 
of the intake loss formula obtained in 
Section 4. The approximate result is 


where A, is the area of each duct at the 
mixing section and other notation is as before. 
This leads to two important conclusions :— 


(i) A large amount of diffusion in the duct 
increases the critical value. For this 


reason plenum chamber intakes are more 
susceptible than direct inlets. 

(ii) Since J=k(1-m)S/A,, the effective 
position ratio is the principal determining 
factor. Thus the use of a good boundary 
layer by-pass, in addition to increasing the 
intake’ efficiency, will reduce the 
possibility of flow instability. 

In the foregoing remarks the problem has 
been discussed purely in relation to a wind- 
tunnel model intake system with free flow, 
i.e. Without engines. This leaves aside the 
question of the possible effect of an engine in 
stabilising the flow. 


6.3. VELOCITY DISTRIBUTION IN 
INTAKE 

The adoption of axial flow engines for 
many installations brings into prominence the 
question of what is a tolerable velocity profile 
to feed into the compressor from an intake. 
In some of the situations that have been 
considered, notably those of the two previous 
Sections, the intake distribution, in extreme 
cases, may involve large regions of separated 
or reversed flow. There is a need for the 
evolution of reliable standards to be aimed at 
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Fig. 15.—Flow into inclined entry at zero forward speed. 
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by the intake aerodynamicist and for a close 
co-operation between him and the engine man 
in this matter. 


7. DRAG 


7.1. GENERAL REMARKS 


The third group of problems in the intake 
scheme concerns the drag penalty paid for 
the installation. From the aerodynamical 
research man’s point of view this is usually 
a well-defined set of problems, different in 
character and method of approach from the 
problems of internal pressure recovery, and 
linked only by a common parameter, the 
entry velocity ratio. In general the aero- 
dynamicist must keep the two fields apart in 
order to bring a fundamental approach to 
bear on either. At times this is irritating to 
the designer concerned with the performance 
of his aircraft, since to him the two sides are 
inseparable. 

The intake drag problem has obviously 
much in common with the drag problem of 
any other principal component and of the 
aircraft as a whole. The emphasis of 
modern research must clearly be centred on 
the effects of compressibility at high 
subsonic and at supersonic Mach numbers. 
Low-speed wind tunnel tests are useful in 
defining the basic pressure field in subsonic 
flow, but theory is not yet powerful enough 
to predict from this the actual drag at 
transonic speeds, and the great need is for 
experimental evidence at the appropriate 
Mach numbers. At the same time it is 
important to keep a check on basic items of 
sub-critical drag, such as the drag of a 
boundary layer by-pass. 


7.2. PROFILE AND BY-PASS DRAG 


Of basic profile drag little need be said. 
No designer of a modern aircraft will tolerate 
an intake which is not well faired into the 
general line, and at the $.B.A.C. Displays in 
recent years some remarkable achievements 
in this respect have been seen, achievements 
both pleasing to the eye and satisfying to the 
mind. 

The drag associated with the boundary 
layer by-pass or other corresponding device 
merits a careful examination. Unfortunately 
the conventional type of by-pass, consisting 
of a narrow ducted slot separating the main 
intake from the neighbouring wall, is 
notoriously difficult to install and to lead 
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away efficiently. Friction loss adds up 
quickly, so the duct needs to be short. This 
usually means that it is not too well shaped 
and probably discharges back into the 
external stream at a fairly large angle. It 
is not possible to generalise on the total cost 
in drag but model tests of a few cases have 
shown that unless care is taken, the drag may 
nullify the improvement in thrust obtained 
from the by-pass. 

Results from three models with different 
intakes are shown in Fig. 17. The external 
drag measured is the sum of profile drag and 
by-pass drag. In all cases the profile drag 
is small, as shown by the results at 
V,/V,=1, where the by-pass does little 
work. The by-pass drag at top speed 
(V,/V, about 2) therefore is roughly 2 Ib. at 
100 ft./sec. for the pair of wing root intakes, 
4 lb. for the side intakes and 7 lb. for the 
submerged intakes. For the submerged 
intakes there is no by-pass in the conventional 
sense of a boundary layer duct. The result 
indicates the order of loss in the vorticity set 
up by the ramp and in the disturbed flow 
immediately behind the entry (Fig. 12). It is 
not to be inferred that drags of this magnitude 
are general and unavoidable, since in the 
particular cases tested no attempt was made 
to reduce the drag by detailed modification. 
The curves represent possible, rather than 
probable, results. 


7.3. DRAG FROM COMPRESSIBILITY 
EFFECTS 


In practice on a subsonic design it is not 
so much the rate of drag rise which must be 
controlled as the critical Mach number at 
which the rise begins. A good subsonic 
intake will have a critical Mach number at 
least as high as that of the aircraft wing. 
This is not easily achieved because the local 
conditions at the intake lip are often more 
stringent than those on the wing. The lip 
must meet the general requirements of 
fineness ratio and shape common to all 
parts, but there is the further complication 
that, owing to the pre-entry retardation, the 
lip is effectively at a considerable incidence 
to the flow. This exaggerates the suction 
peak, which is the criterion for critical Mach 
number. 

In the early days of model testing, the 
process of getting the best lip shape was one 
of hit and miss. When the suction peak on 
a model was too high, the procedure was to 
decide by eye whether the nose shape was 
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Fig. 17.— External drag at low Mach number of typical intakes 
including by-pass drag. 


too bluff or the rear of the fairing too thin, 
and to modify the model accordingly. The 
percentage of successful modifications was 
just about as high one way as the other. The 
method produced results but was obviously 
unsatisfactory. Nowadays a more rational 
procedure can be adopted, owing to work by 
Kiichemann at the R.A.E. and by the 
N.A.C.A. in America. The position, stated 
very briefly, is that an intake fairing designed 
for a given critical Mach number requires 
(a) a certain minimum thickness, 

(b) a certain optimum length, 

(c) good shape, within fairly narrow limits. 


The minimum thickness is that which is 
necessary to carry the thrust force on the 


outside of the fairing without exceeding the - 


value of suction coefficient corresponding to 
the stated critical Mach number. It can be 
calculated from momentum considerations, 
and is shown in Fig. 18 as a function of the 
flow ratio V,/V,. Applying this, for 
example, to a wing leading edge intake, if 
the limiting suction coefficient is to be 0.2 
(critical Mach number about 0.83) and 
V/V then A,,/A,=2:25: im ‘other 
words, the entry must not be deeper than 45 
per cent. of the wing maximum thickness. 
To obtain a critical Mach number of 0.9 the 
entry depth would have to be only 25 per 
cent. of the wing thickness with V,/V,, equal 
to 0.5, or about 40 per cent. with V,/V, 
equal to 0.7. 
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The significance of optimum length is 
illustrated in Fig. 19. This diagram shows 
the pressure distribution on three fairings of 
approximately the same shape but of different 
lengths. It is seen that if the fairing is short 
the suction level is high over its whole 
length. Lengthening the fairing reduces the 
suction up to a certain stage (medium fairing, 
Fig. 19), but beyond this a further increase 
in length gives rise to a high suction peak 
near the leading edge. Methods of 
calculating the optimum length are available. 
A rough rule is 


in which K has the values 2.8 and 1.4 for 
two-dimensional and axi-symmetrical intakes 
respectively, and D,, is the maximum thick- 
ness, or diameter of the body, as the case 
may be. 

The criterion of good shape is the 
“constant velocity profile,” first derived by 
Ruden"’. This is calculable in terms of flow 
ratio and critical Mach number, and 
corresponds to both minimum thickness and 
optimum length. In Fig. 20 a typical 
constant velocity profile is compared with 
two shapes which are often used in practice. 
These are 


(‘) the 1-series cowling profile devised by 
the N.A.C.A.’, 


(ii) a quarter ellipse, which is a conveniently 
close approximation. 


Generally speaking, any of these profiles can 
be used successfully. The elliptic shape is 
bluffer than the other two and on that account 
tends to give a rather lower critical Mach 
number. On the other hand, it blends more 
readily into the inside radius which is 
normally required for minimising losses 
during ground running. The discrepancy in 
critical Mach number can usually be removed 
by making the elliptic fairing longer than the 
other two. Kiichemann") has devised a 
family of elliptic profiles to suit various 
requirements of critical Mach number and 
inside radius. 

Thus it may be said that, taking critical 
Mach number as the criterion, present know- 
ledge shows how to obtain the best design 
for a given set of conditions—entry area, 
maximum fairing area and entry velocity 
ratio—so long as these conditions are 
reasonably normal. When deciding on his 
final compromise, the designer can take this 
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Fig. 18.—Minimum frontal area of entry fairing 
according to momentum theory. 
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Fig. 19.—Influence of length of entry fairing on 
pressure distribution. 
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Fig. 20.—Profile shapes for subsonic intake fairings. 


aspect into consideration in a qualitative way. 
Much more experimental evidence is needed 
before it can be determined quantitatively 
how the drag builds up above the critical 
Mach number and in the supersonic range. 


8. CONCLUDING REMARKS 


The paper has attempted to convey a 
panoramic view of the aerodynamic problems 
with which intake designers have been faced 
during the past ten years, through which the 
designs have developed and on which they 
have finally either thrived or foundered. 
The picture for the subsonic aircraft intake 
is by now a fairly tidy one in many respects. 
This state of affairs gives cause for satisfac- 
tion, but at the same time it provides both a 
warning and a spur. In the past, clarification 
of fundamental principles has often come 
rather late in the day, at times too late to be 
of real assistance to the specific projects 
which originated the problems. The need is 
to look farther ahead in research, to 
anticipate the problems and endeavour to 
grasp the fundamentals before the specific 
issues arise. How successfully can this be 
done? That, it is suggested, is the real 
problem of the supersonic intake. 
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DISCUSSION 


F, B. Greatrex (Chief Aerodynamics 
Engineer, Rolls-Royce Ltd. Hucknall, 
Assoc, Fellow): Dr. Seddon had paid a 
graceful tribute to the work done at 
Hucknall; in turn, the team there appreciated 
very much his assistance in connection with 


all their problems. That he was a master of 
the subject was obvious from the paper. 

He would like to enlarge on the point 
which was made briefly in the paper about 
the effect of intake efficiency on engine 
thrust; it was indicated that at M=0.9, a 10 
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Fig. A.—Change of thrust with intake pressure, Nene or Derwent engines. 
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per cent. loss of efficiency meant a 7 to 
10 per cent. loss of thrust at sea level. 

In Fig. A the bottom curve was similar to 
the curves for loss of thrust in Fig. 1 of the 
paper; it showed the percentage loss in thrust 
for a percentage loss in ram efficiency. At 
M=0.9 (about 685 m.p.h.) the loss of thrust 
was about 7 per cent. for a 10 per cent. loss 
of efficiency. 

From that bottom curve they might think 
that, as the speed was reduced, the intake 
efficiency mattered less and less, since the 
reduction of thrust for a percentage loss of 
efficiency came down to zero. That miscon- 
ception arose from the use of the term “ram 
efficiency ” for intake efficiency as Dr. Seddon 
had used it throughout the paper, instead of 
the equally useful concept of total pressure 
ratio in the intake. The upper curves showed 
the variation of total pressure at the entry to 
the engine, as a ratio of the total pressure 
which might be there, plotted against ram 
efficiency for different speeds. 

Those curves showed that at M=0.9 a 10 
per cent. loss of ram efficiency meant about 
4 per cent. loss in total pressure ratio, 
whereas at M=0.4 (about 300 m.p.h.), a 10 
per cent. loss of ram efficiency meant only 
one per cent. loss in pressure ratio. 

As a very rough generalisation, for every 
one per cent. loss in total pressure ratio there 
was something like 14-2 times the percentage 
loss in engine thrust. Fortunately, in any one 
installation the problem was simplified a little 
because the total pressure ratio, rather than 
the ram efficiency, remained constant for 
most flight conditions. 

In the theoretical discussion in Section 4 
of the paper it was stated that “A loss co- 
efficient of 0.1 corresponds to about 2 per 
cent. loss of thrust.” That statement was 
rather misleading by itself: it should be that 
at a particular velocity ratio a loss coefficient 
of 0.1 would give a particular ram efficiency 
(from equation (2)), which at a particular 
Mach number implied about 1} per cent. loss 
in P,/P,, which corresponded to 2 per cent. 
loss of thrust. 

He felt that the author had been a little 
ungenerous to the plenum chamber. For 
example, on his graph the author had put the 
Meteor efficiency at 98 per cent., compared 
with 95 per cent. for the Vampire. However, 
there was no point in arguing over past 
history. 

But the author had not made much of the 
point concerning the secondary effect in 


intake ducts due to boundary layer growth. 
He had mentioned the thickening of the 
boundary layer in front of the intake, but had 
not mentioned that there could be critical 
conditions inside ducts such that the 
externally thickened boundary layers might 
produce an effect inside, which would not 
happen if the boundary layers had not 
already been thickened. The Vampire pro- 
vided a very good example, because the 
losses at the entry to the plenum chamber 
were due to a very bad velocity distribution 
arising from the secondary effect. What 
were the author’s views on the importance of 
the secondary effect? 

With regard to ground running lip losses, 
Fig. 13 in the paper showed curves for lip 
losses plotted against radius ratio (meaning 
the radius of the entry divided by the radius 
of the intake) for three kinds of ducts 
—divergent, parallel and convergent—the 
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Fig. B.—Avro 707 3 scale model. Air intake 
arrangements. 
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divergent and parallel ones being much worse 
than the convergent. Had the author tried to 
correlate those on the basis of the contraction 
in area from entry to throat, rather than on 
the basis of radius ratio? 

A rather unusual example of a N.A.C.A. 
entry was shown in Fig. B, a model of the 
Avro Delta, which was built to investigate 
handling characteristics at low speeds. It 
would be remembered that the handling of 
the aircraft had turned out to be so good that 
it was desired to extend its speed range by 
obtaining more thrust. Two modifications 
were made to the intake. The final version 
was a form of N.A.C.A. entry which was 
built up, rather than submerged. 

Figure C showed that the improvement 
obtained in efficiency was from 20 to about 
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70 per cent., corresponding to a 25 per cent. 
increase of thrust, at speeds around 500-600 
m.p.h. 

The point of the illustration was that he 
believed the change was not accompanied by 
any drastic increase in drag. He did not 
think that the Americans agreed with Dr. 
Seddon’s view that the N.A.C.A. entries were 
liable to cause high drag. He felt that Dr. 
Seddon might have exaggerated the point a 
little. 

He would like Dr. Seddon’s comments on 
a point raised in Mr. Clifton’s paper, 
“Problems of Transonic Flight,”* given at 
Cheltenham, in which there was a curve 


*Problems of Transonic Flight. A. N. Clifton. 
Journal Royal Aeronautical Society, March 1952. 
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showing variation of intake efficiency with 
Mach number. The curve dropped very 
suddenly at a high subsonic Mach num- 
ber, and rose to a fairly high value again 
at a Mach number above 1.0. He could 
see no reason why the curve should be 
discontinuous. 


F. M. Owner (de Havilland Engine Co. 
Ltd., Fellow): Section 6.3 of the paper on 
“Velocity Distribution in Intake,” made only 
very brief reference to the subject, and he 
suggested that it could with advantage be 
expanded a great deal. In the history of the 
propeller they had had quite sufficient 
warning as to what non-uniform flow could 
mean. The ram efficiencies given in the paper 
were, he imagined, some form of average over 
the whole section, and perhaps more 
information on the method of averaging used 
would be helpful. 

He was even more interested in the velocity 
distribution in the various types of intake 
discussed, for that would affect the com- 
pressor. With swept-back wings he imagined 
that even the most innocuous- -looking intake 
might have a distorted velocity profile by the 
time the first row of blades was reached. 
Those blades would then provide another 
headache of the type they had had to endure 
with the propeller, and if Dr. Seddon could 
give further information on the effect of the 
various treatments of the intake on the 
uniformity of the air as it was fed to the 
compressor, the engine designer would be 
very grateful. 


E. Pribram (Fairey Aviation Co. Ltd., 
Assoc. Fellow): Dr. Seddon was to be com- 
mended, not only for his excellent paper, but 
for the fact that he had put together for the 
first time in one paper the available informa- 
tion on installations of modern engine ducts. 

About four years ago, the technical staff of 
the Royal Aeronautical Society had put 
forward two or three monographs, and it was 
stated, to the best of his recollection, that two 
members on Professor Goldstein’s staff were 
preparing a handbook or a textbook which 
would be the last word on the subject. He 
had looked forward to that publication ever 
since, but still he had not seen it. Could the 
matter be taken up again, for it was very 
important. 

The author had used the parameter wetted 
area/intake area for estimating the ram 
efficiency, but he was not entirely happy to 
find that there was a linear relationship 


between the ram efficiency loss and the area 
ahead of the intake. Perhaps Dr. Seddon 
would confirm that that was the case. The 
ram efficiency loss was due to the momentum 
deficiency; one would expect that that did 
not grow linearly with increasing area, and 
that there should be some kind of momentum 
loss factor. In other words, if the area in 
front of the intake were rectangular, the 
increase of the boundary layer would proceed 
at a different rate from that of a conical body. 

Did the 70 per cent. efficiency due to the 
boundary layer by-pass take into account the 
energy loss due to the boundary layer-by- 
pass itself; did it mean that, of the total 
boundary layer momentum, 70 per cent. only 
was removed from the inlets? 

Another query concerned the difficulty of 
finding a compromise between the require- 
ments of high speed flight and medium or low 
speed flight. The author had obviously con- 
sidered the possibility of changing the inlet 
area, of installing some kind of variable 
inlet; the subsidiary inlet mentioned in the 
paper was a kind of variable inlet. In view 
of the necessary complications and difficulties 
involved, did the author consider that the 
building of such variable inlets would be 
worth while? 


J. E. Serby (Royal Aircraft Establishment, 
Fellow): He had been thinking about the 
effect of the intake problem on the aeroplane 
as a whole and it seemed to him that they 
were perhaps too quick to run away from 
their old and first love—the nose or pitot 
entry. It had behaved extremely well, giving 
an efficiency far beyond that of anything else, 
and they had run into the troublesome 
situation which Dr. Seddon and others had 
described and which fortunately was being 
sorted out so splendidly. 

He had also wondered what would happen 
to intakes if and when they came to use 
batteries of small engines such as were half 
predicted in a paper by Moyes at the 
Brighton Conference*; where would they be 
housed, how would they breathe their air and 
what should be done with the exhausts? 
They might be in the wings, and in some 
types of aeroplanes they might be at the back 
of the fuselage. It seemed that there would 
be further big problems for Dr. Seddon to 
*The Influence of Size on the Performance of 
Turbo-Jet Engines. S. J. Moyes and W. A. 
Pennington. Anglo-American Aeronautical Con- 


ference, Brighton, 1951. Royal Aeronautical 
Society, 1952. 
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tackle. Again, surely the “ podded ” engine, 
on a nacelle under the wing, offered the 
perfect entry straight away? 

He could confirm all that Dr. Seddon had 
said about the appreciation by the R.A.E. of 
the co-operation which Rolls-Royce Ltd. had 
given in connection with the work described, 
and they liked to think that that was typical 
of the way in which the R.A.E. could and 
did co-operate with the various firms. 


W. J. D. Annand (Rolls-Royce Ltd., 
Assoc. Fellow): Some propeller-turbine air 
intake losses were illustrated in Fig. D which 
showed the results of a test on an annular 
propeller turbine intake without the propeller 
blades, in order to find out the effect of the 
rotation of the spinner. A small increase in 
pressure recovery was obtained as a result of 
the pumping action of the spinner surface. 

Dr. Seddon had suggested that there was 
not much to be gained by putting fairings on 
blade roots, because his results had shown 
that the blade root loss depended mainly on 
the blockage size rather than on its shape. 


Vac 
Fig. D.—Viscount spinner: Entry loss coefficient, 
no blades. 
A Spinner not rotating 
7 Spinner rotating 
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Fig. E.—Viscount spinner: Blade root losses. 
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Fig. E illustrated some results obtained on a 
full-scale model of a Dart installation. The 
curves showed blade root loss analysed out 
from a variety of tests, the different curves 
being for different blade angles. It was 
interesting to note that something could be 
got from the pumping effect of the roots at 
suitable angles. 

One strong argument against the use of 
N.A.C.A. type entries in twin installations 
was that their recovery characteristic had 
such a strong tendency to produce instability 
of symmetrical flow. Would Dr. Seddon 
agree? 

As Rolls-Royce had done quite a lot of 
work on velocity distribution, he felt that he 
might attempt some answer to the query 
raised by Mr. Owner. Obviously, the extent 
to which entry velocity distribution adversely 
affected the engine depended enormously on 
the engine design. If the front stages were 
heavily loaded, more trouble could be 
expected than if they were lightly loaded: 
and so on. But in one particular case it was 
found that very good correlation could be 
obtained between the effects on the engine, 
purely from.the handling point of view, and 
an integral based on the lack of velocity near 
the tips of the blades. 

The integral used was §(1 — v/v)dA, where 
v was the local velocity, and v the mean com- 
pressor entry velocity, and the integral was 
taken over all the compressor entry area 
from the blade tip to the first velocity contour 
for which v=¥v. He considered that a good 
intake from the point of view of velocity 
distribution would have a value of this 
integral equal to about 0.007 of the 
compressor entry area. 

Another matter which had to be noted was 
that, not only the velocity distribution at the 
engine face, but the degree of swirl at the 
engine face, might be important; curvature 
in the ducting would give appreciable swirl 
angles at the engine face which might be 
troublesome even when the velocity distri- 
bution was good. Despite all those effects, 
thrust loss was found to depend almost 
entirely on the total head loss. 

He knew of one direct entry intake on 
which secondary effects were arising earlier 
than the full speed level flight velocity ratio: 
unfortunately, he could not give further 
details at present. But he could say a little 
more about some recent tests on a twin intake 
aircraft, in which the secondary effects arising 
were such that at high forward speeds and 
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low engine flows there was definite 
asymmetry occurring in the intake in flight. 
They had managed to effect a cure by a 
modification which did not affect the 
boundary layer on the approach or the 
amount of boundary layer which was by- 
passed, but affected only the extent to which 
the excess boundary layer, which was not 
by-passed, could influence the internal areas 
of the ducting; that had completely removed 
the asymmetry. 

It was a little unfair to spring that on Dr. 
Seddon, but it would be interesting to have 
his comments. 


Dr. Kiichemann (Royal Aircraft Estab- 
lishment): Dr. Seddon had surveyed a 
field of aerodynamics whose existence was 
not even known a dozen years or so 
ago; that in itself was remarkable. They 
should make use of the information as far as 
they could, and in that connection he 
suggested that much more could be done by 
the aircraft designers. He did not think that 
nowadays the air intake was one of the 
recognised features which could be used to 
improved the design; indeed, the air intake 
was considered rather as a nuisance to be 
tucked away somewhere after the main 
design had been completed. 

Both the inflow losses and the external 
drag should be converted into a percentage 
of the thrust loss of the engine, to ensure a 
comparable basis. That could be done quite 
easily. He had done that for the case in the 
paper where three intakes were compared 
on the side of the fuselage. At a Mach 
number of 0.9 for instance, the N.A.C.A. 
submerged intake would lose something of 
the order of 25 per cent. of the thrust, of 
which about 6 per cent. would go on to the 
internal flow and the rest on the external 
drag. Those figures were rather high, and if 
they were anywhere near the truth they might 
rule out that type of intake. The ordinary 
side intake involved less thrust loss, between 
15 and 20 per cent. at Mach number 0.9; and 
the leading edge intake involved a thrust loss 
of roughly 10 per cent. In all three cases the 
external drags represented a bigger propor- 
tion than the internal flows; so that any 
improvement of the internal flow which was 
effected by the submerged intake, and which 
amounted to only one or 2 per cent. thrust, 
was entirely lost by reason of the high 
external drag. 

The figures he had reported for external 
drag were large even though they did not 


include any compressibility effects. Typical 
curves of measured drag, plotted against 
Mach number, for various intakes showed 
that the sharp drag rise usually occurred 
close to the estimated critical Mach number, 
the exception being intakes with localised 
pressure peaks near the nose, such as would 
occur on round-nosed inlets. The evidence 
so far was that the drag rise was never 
delayed appreciably beyond the critical Mach 
number of the corresponding constant- 
velocity profile. This meant that, for 
example, the entry area should not be greater 
than about a quarter of what would legiti- 
mately be called the total frontal area of the 
intake fairing, if the intake were to be 
designed for an entry velocity ratio around 
0.5 and for a flight Mach number about 0.9. 


L. E. Fraenkel (Royal Aircraft Establish- 
ment): Dr. Seddon had alluded to some of 
the difficulties on the far side of M=1, but 
had not discussed them in detail. 

Dealing with general trends, and his 
remarks were only of limited accuracy, he 
thought Dr. Seddon was right in stating that 
the problems and the methods of dealing with 
them across the transonic range would be 
very much the same as had been known 
heretofore. There were also certain para- 
meters which would vary only slightly on the 
other side of M=1, whereas others would 
vary in a manner approaching probably a 
discontinuous variation. 

The pressure recovery remained quite 
reasonable up to a Mach number of 1.6 for 
the straightforward Pitot intake. On the 
other hand, with a side intake, in addition to 
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the usual loss from the boundary layer, they 
would have a shock of some sort acting on 
the boundary layer. In Fig. F although the 
total pressure ratio across the shock was near 
one, so that the efficiency across the shock at 
A was reasonable, yet the static pressure ratio 
across B could be considered, at Mach num- 
bers only slightly above 1.0, as causing a 
strong pressure gradient, and there might be a 
tendency to separate. Consequently, at 
supersonic Mach numbers the effect of 
position ratio would be considerably greater 
than they had seen before. Attempts had 
been made, largely successful, at Mach 
numbers up to 1.6 to get rid of that adverse 
interaction by means of various bleeds and 
wedge devices: even so, the problem was 
rather more difficult than that of a simple 
boundary layer with reasonable pressures 
acting on it. 

When an intake was “running full” with 
the air entering in a fairly straight pattern, the 
drag of the intake was continuous, but the 
curve was fairly steep, near M=1, being 
probably of the order shown in Fig. G. 


That did not present an insuperable 
obstacle; but at supersonic speeds they ran 
into a new and rather important pheno- 
menon, namely, that the desirability of 
running an intake in the “critical” or 
optimum condition (with the air coming 
straight in and there being no retardation 
before reaching the entry), was very much 
increased. He considered deviation on 
either side of the optimum. If they either 
decreased the size of the entry area or 
increased the r.p.m. of the compressor, then 
instead of the normal shock wave at the 
entry, there was at increased supersonic 
Mach number a shock inside, ahead of the 
compressor inlet. On the other hand if they 
decreased the r.p.m. or increased the entry 
area, there was external retardation. While 
there was nothing seriously against this at 
subsonic speeds, if they did the appropriate 
sums for supersonic speeds they arrived at 
something which could be considered either 
as an increase in drag or a marked reduction 
in thrust. He refused to take part in the 
debate between the aircraft people and the 
engine people as to which it was, but there 
was a distinct loss of performance at super- 
sonic speeds. That very much increased the 
weight of the argument for a variable entry, 
and he agreed with Dr. Seddon that at some 
supersonic Mach number the variable entry 
would become a necessity. 
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C. F. Toms (Bristol Aeroplane Co. Ltd., 
Assoc. Fellow): He was a little surprised 
that the humble, and in some cases relatively 
diminutive, spinner could be responsible (cf. 
Fig. 8, third curve from top) for a “ position 
ratio” ram efficiency loss of 7 per cent. 
(taking the best case of S/A, for which a 
point was plotted). He had had no oppor- 
tunity to explore the matter quantitatively, 
but was it possible that the best case which 
Dr. Seddon had considered involved a spinner 
which was large relative to the intake area, 
such as that shown in Fig. 7? 


DR. SEDDON’S REPLY 


Mr. Greatrex: The remarks on the effect 
of intake efficiency on thrust represented a 
useful enlargement of the brief reference in 
the paper; it was due to the desire to save 
time and space that the reference in the paper 
did not go further into that field. It was 
quite true that the total pressure ratio was 
the significant factor, the ram efficiency was 
a misleading concept to use at low forward 
speeds. He had hoped, however, that his 
comments made it clear that ram efficiency 
was just a-convenient term to use when 
applied to the top speed condition of a fairly 
high speed design; it was fairly widely 
accepted, and therefore a convenient term for 
ordinary discussion and reference. 

Surely there was no need to go through the 
devious paths from loss coefficient to ram 
efficiency, then from ram efficiency to total 
head efficiency and finally to loss of thrust, 
because the loss coefficient was closely allied 
to the loss of thrust. The implication in the 
statement of figures relating one to the other 
was that entry dynamic head, which was the 
basis of loss coefficient, was constant. In 
practice the entry dynamic head would vary 
from one installation to another, and to a 
small extent over the speed range but, on the 
whole, this was a minor correction. 

He wanted to make it clear that the Meteor 
result of 98 per cent. was from a report on 
model tests in which no plenum chamber was 
represented on the model; hence the high 
efficiency. There was no real discrepancy 
between this figure and those given in the 
generalisation for plenum chambers. 

Mr. Greatrex had mentioned what was 
virtually a critical interaction between 
approach loss—loss due to the external 
boundary layers—and internal duct loss. It 
was true that the case of the plenum chamber 
was a good one on which to bring that up. 
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It was suggested that it was not strictly 
reasonable to split the intake loss into these 
two components. That might be so in the 
plenum chamber case; the generalisation of 
plenum chamber loss was purely an empirical 
one. It was worth noting that the case of 
the Nene-Vampire, on the representation in 
terms of duct area, came out no worse than 
any of the others. So that, even if flow 
separations occurred as the result of inter- 
action, the net result was, in fact, no worse 
in terms of duct area than in the other cases. 
Generally speaking the method of analysis 
was well justified by results. 

He maintained that the two components of 
loss were essentially additive to quite a good 
degree of approximation in most cases for 
direct inlets; if the intake losses were 
analysed, as he had tried to do in the paper, 
the effective friction coefficient for the whole 
was found to have reasonable value. 

He agreed that it might be better in the 
long run to correlate lip losses on some form 
of contraction or expansion ratio immediately 
inside the intake. He had not done that, but 
he gathered that Mr. Greatrex had done it, 
and probably it would give a single unified 
relationship instead of three for the rather 
vague categories of contracting, parallel or 
expanding ducts, such as were given in the 
paper. The general conclusions were 
unaffected, however. 

He had been very interested to see the 
results for the Avro 707. They bore out the 
fact that they could push up the intake 
efficiency with a ramp approach system to a 
value similar to that which could be expected 
for a conventional side intake with by-pass. 
But he maintained his point that the external 
drag of a submerged intake was liable to be 
high. Mr. Greatrex thought that the change 
on the Avro 707 had been accomplished 
without much increase in drag. He had 
heard it stated on a previous occasion that 
the modification had created considerable 
drag. Maybe they could get together and 
sort out this particular point. He was of the 
opinion that the drag would have increased 
considerably as the result of the modification. 

As regards the American attitude, there 
had not been any real evidence on drag, one 
way or the other, but he had seen recently a 
report giving a very neat explanation and 
mathematical treatment of the aerodynamics 
of the submerged intake. This report 
brought out as one of the essential charac- 
teristics a rise of drag with velocity ratio, 


corresponding to an increasing degree of 
diversion of the ramp boundary layer by the 
vortex action. The result was only qualita- 
tive but of very definite significance in 
showing that a drag rise was an essential 
feature of this type of installation. 
Although he had not seen Mr. Clifton’s 
paper, he agreed with Mr. Greatrex in that 
he saw no reason for a critical variation of 
intake loss or pressure recovery across the 
transonic range such as had been described. 
Assuming the approach loss to be small they 
might expect the total loss to increase 
according to normal shock law up to 
appreciably supersonic Mach numbers. 


Mr. Owner: Mr. Owner had touched on a 
very important point; the reason why there 
was not a fuller discussion in the paper was 
that they did not know nearly enough about 
the effect of bad distribution on engine 
performance. Ram efficiency as used 
throughout was based on mean total pressure 
over the area of the compressor inlet. The 
distribution could be rather startlingly non- 
uniform. With most intakes which had been 
developed to an acceptable stage, involving 
no flow separation, the velocities might vary 
by 15 or 20 per cent. from the mean. 
Possibly someone would have a better figure, 
which it would be interesting to hear. 

But there were certain cases which could 
be much more extreme. Two which had 
been mentioned were the swept intake in the 
static running condition and, at the other end 
of the flight range, the twin intake system 
with asymmetrical flow. In both cases it was 
possible to have large areas where there was 
no flow into the compressor inlet, and that 
must be an important consideration for the 
engine man; actual figures could not be given 
at present. 

He had seen an American report of tests 
in which blockages had been placed ahead of 
an intake to disturb the distribution: the 
results on engine thrust and performance 
were not so startling as might be feared. 

They were only just touching the problem, 
and it was serious. The immediate need was 
for the evolution of reliable standards of 
distribution to which the intake was expected 
to conform. 


Mr. Pribram: He must empliasise that the 
use of the position ratio parameter was a 
very simplified method of approach. It was 
only a first approximation for correlating the 
loss caused by the external boundary layer; 
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as such the method had to be justified by the 
results obtained. He'believed that the effects 
of different velocity distributions such as 
would be present on approach surfaces of 
different shapes were sufficiently secondary 
not to worry the designer. 

The term by-pass efficiency referred only 
to the proportion of fuselage boundary layer 
diverted from the intake. By-pass drag had 
been mentioned as a separate point. 

They could not be quantitative about the 
problem of variable inlets at the present time. 
The stage of using auxiliary inlets in one 
form or another was already with them; that 
was only one step in the process. At some 
Mach number, which would be supersonic, 
he believed it would pay to use a variable 
inlet rather than a conventional entry with 
auxiliary slots. But he did not know exactly 
at what Mach number. 


Mr. Serby: There was much to be said for 
reverting to pitot intakes; and certainly he 
had tried to make out a strong case for them. 
But in the early days, before the position had 
been properly appreciated, it was difficult to 
judge the relative merits of the various types. 
Comparing, say, the Meteor intake with that 
of the Vampire, one might have pointed out 
that the Meteor efficiency was only 90 per 
cent. or perhaps rather less, despite its pitot 
entry, while that of the Vampire, with a form 
of side entry, was about 95 per cent. Before 
the importance of plenum chamber loss had 
been appreciated, one would have tended to 
ask where was the advantage of the pitot 
intake? Such confusion of thought did exist 
for a considerable time. Now it was clear 
that there was much to be said for sticking to 
the plain nose intake whenever possible. 

He would hesitate to recommend the use 
of podded engines. They would have to put 
up with a lot of drag if they started hanging’ 
the engines externally from the wing. 

The use of batteries of small engines was 
something to think about. 


Mr. Annand: In Mr. Annand’s first graph, 
showing the comparison of results for non- 
rotating and rotating spinners, the magnitude 
of the changes was rather small, and he 
thought the explanation might have some- 
thing to do with the question of flow 
instability and asymmetry. He had always 
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found, when testing model intakes of that 
kind without propellers, that if there were 
separated flow on the spinner, it was not 
uniform around the annulus but patchy. 
Often the separation could be cured by 


rotating the spinner, this providing an 
evening influence. If separation were 
removed, the pressure recovery would 


probably go up. 

On the question of efficiencies with faired 
blade roots, the efficiency should be deter- 
mined when the blade roots were effectively 
at zero lift, i.e. any pumping effect of the 
blade roots, giving a pressure rise, should be 
taken out of the results. His remarks on the 
use of faired roots could be applied only if 
there were no lift on the blades. 

He agreed that the N.A.C.A. submerged 
entry was relatively unsuitable for use in twin 
installations because its recovery charac- 
teristic would make such installations liable 
to flow instability. 

As to the secondary effect, he wondered 
how certain Mr. Annand was that the 
modification involved did not in fact alter the 
flow in the by-pass and in this way cure the 
asymmetry? 


Dr. Kiichemann and Mr. Fraenkel: He 
thanked them for their valuable contribu- 
tions, in which they had enlarged on points 
which he had not been able to make fully 
when presenting the paper: the comparison 
of submerged and side intakes in the paper 
must not be taken as general, because no 
attempts were made to reduce the very con- 
siderable external drag in that particular case. 
Perhaps considerably better results could be 
obtained for either of these forms, particu- 
larly the submerged intake, which had been 
rather new at the time of the tests. 

He appreciated the remarks made on 
supersonic intakes: probably he had revealed 
which side he was on by referring to 
“spillage drag.” 


Mr. Toms: The tests of reference 1, from 
which the results shown in Fig. 8 were taken, 
were made on models of actual designs of 
propeller turbine nacelles as proposed at the 
time. The spinners were, in fact, “large” 
relative to the intake area, i.e. the total 
surface area protruding ahead of the entry 
was several times the annulus area. 
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The Stability in Bending of Slightly 
Corrugated Plates 


by 
D. G. ASHWELL, M.A. 


INTRODUCTION 


A previous paper’? was concerned with the uniform finite bending of a flat 
rectangular elastic plate about an axis parallel to one of its pairs of opposite edges. 
Expressions were obtained for the shape assumed by sections of the plate containing 
the axis of curvature, and the applied bending moment. In the present paper the 
work is extended to deal with a plate having shallow regular corrugations of arbitrary 
shape running along it at right angles to the axis of curvature. Such a plate may be 
of interest as it exhibits the type of instability characteristic of curved thin-walled 
members. Its solution can be derived quickly from the previous work. 


NOTATION 


a,, b,= Fourier coefficients 
d=thickness of plate 
C=*/(Rd) 
E=Young’s modulus 
I,I’,J” =various moments of inertia 
k=Edol/ R? 
M=bending moment 
M’=12 Md/(Ed*) 
M’..=value of M’ at which instability occurs 
n=an integer 
p=numerical coefficient defining amplitude of corrugation 
R=radius of curvature 
s=length along mid-line of transverse beam 
x=co-ordinate parallel to axis of bending 
y=co-ordinate perpendicular to x co-ordinate in plane containing axis 
of bending 
y, =defines initial shape of transverse beam 


LPR? 


6/=width of transverse beam 
wavelength of corrugation 
=Poisson’s ratio 


2. THE FUNDAMENTAL EQUATION 


It is useful to retain from the previous paper the terms “longitudinal” (along 
the plate at right angles to the axis of curvature), “transverse” (across the plate 
parallel to the axis) and “transverse beam” (a narrow transverse strip of constant 
width 6/). This last term is suggested by the fact that such a strip behaves, under 
the influence of the curvature of the plate, as if it were a beam attached to an elastic 
foundation. The shape of this transverse beam is defined by a system of 
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co-ordinates in a plane containing the axis of curvature. The neutral axis, that is 
the line in this plane containing the longitudinal filaments of the plate that suffer 
no longitudinal strain, is the axis of x and will be parallel to the axis of curvature. 
(See Fig. 1, which shows part of a distorted plate with its applied bending moments, 
M, and its transverse beam.) The axis of y is at right angles to it. x is measured to 
the right, and y upwards. The axis of curvature will be the line y= —R, where R 
is the radius of curvature to which the plate is bent. 


Fig. 1. 


It was shown previously'’’ that, if the plate is initially flat in both directions, 
the shape of the transverse beam, by analogy with a beam attached to an elastic 
foundation, obeys the equation 


where E’= 
and k= 


in which E is Young’s modulus, « is Poisson’s ratio and d is the (constant) 
thickness of the plate. 


By the same analogy, if the plate is such that all its transverse beams have an 
initial shape defined by some function y, of x, and are free to expand in the plane 
of the plate, their shape will obey the equation 


[ty 
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Substituting relationships (2) in this equation, 


d*y 
12(1 
where 4a ER? ‘ (5) 


Equation (4) is a particular case of a more general result given elsewhere”. 


3. THE DISTORTED SHAPE OF THE CORRUGATIONS 


Let y,, the initial shape of the corrugations, be expressed in as general a form 
as possible, thus, 


y, 
X a, cos + X b, sin - (6) 
d n=0 4 n=]l1 

where A is their wavelength, and a,, a,, a....b,, b,... are numerical 


coefficients. 


The x-axis, being the neutral axis, will pass through the centroid of the cross 
section of the plate contained by the plane of the co-ordinates. Thus, 


d | yds=0, 


where s is measured along the mid-line of the cross-section, and the integral extends 
along the whole breadth of the plate. If the plate consists of a large number of 
identical corrugations, this is equivalent to writing 


a 


But a, is given by 


/ 


A 
0 


and since (4) depends on the usual beam theory which demands that dy/dx is 
always small, ds may be taken as dx, and so a,=0 always. 


Substituting (6) in (4) and solving for y, 


. 

+ 


together with a complementary function. 


The complementary function will depend on the conditions at the edges of the 
plate, for example on the position at which the edges of the plate occur in relation 
to the shape of the corrugations. It has been shown''*) that in problems of this 
type, edge effects are small, and rapidly become negligible away from the edges. 
It is therefore unlikely that the edge conditions ‘will much affect the behaviour of a 
plate whose width is several times A, and it will be assumed that the anticlastic 
distortion represented by the complementary function can be ignored. 


Equation (9), then, gives the shape of the distorted cross section of the plate. 
As its curvature, 1/R, is increased, « increases, and the corrugations become 
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progressively flatter, the lower harmonics being affected more than the higher. This 
is due to the same effective radial pressures that cause the suppression of the anti- 
clastic curvature of flat plates. 


4. THE BENDING MOMENT—CURVATURE 
RELATIONSHIP 


If the stresses contributing to the bending moment which must be applied to 
the plate to maintain its curvature are analysed and summed as previously", it is 
found that the bending moment, M, per complete corrugation is given by 


a 
R 12(1 —o?) R dx? dx . . (10) 


where /” is the moment of inertia per corrugation about the neutral axis of the 
distorted cross-section. J” is given by 


a 
+dfy dx, 
0 


and substituting this equation in (10), and rearranging it, 


A A 

y= _, Ed | 


0 


Substituting in this the values of y, and y given by (6) and (9), and performing 
the integrations (remembering that a,=0), it is found that 


B J+ 


200 


100 
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This expression can be more conveniently interpreted if the following 
dimensionless expressions for bending moment and curvature are introduced. 


,_ 12MA 
(13) 


and 


Thus from (12) and (13), 


Cc (2zn)* (Gn + bn”) 
n=1 [(2zn)' + 


or, letting e=1/3, and using (5), 


M’ = (14) 


M’= 1.125C+6C + Dn’) (15) 


n=1 [n* + 0.00684 


This expression will now be applied to three representative examples. 


5. SINUSOIDAL CORRUGATIONS 
Let the corrugations be sinusoidal, given by 


DEX 


where p is a numerical factor. b,=p and all other a’s and b’s are zero. Thus 


[1 + 0.00684 C?]° 


M’ has been plotted against C for four values of p in Fig. 2 


M’=1.125C+ (17) 


Consider the curve for p=3. If C is increased from zero, the plate is at first 
very stiff, and the curve rises sharply from A to B. As this happens, the flattening 
of the corrugations that takes place causes the flexural rigidity of the plate to 
decrease, until eventually, at B, further increase in C causes such a reduction in the 
stiffness that the moment that the plate can resist actually diminishes, and the curve 
starts to descend. This it continues to do until the corrugations have almost 
disappeared and the plate tends to a state in which it behaves much as a plate with 
no corrugations. This occurs at D, where the amplitude of the corrugations is about 
one tenth of its initial value. 


The physical significance of this curve is that the plate becomes unstable at 
the point B, the corrugations collapsing, and the load dropping considerably. This 
type of behaviour is similar to that of thin-walled circular tubes considered by 
Brazier“. An example of it occurs in everyday life in the instability shown by 
steel pocket tape-measures of the type that are given a small transverse curvature 
for stiffness—a problem that has been discussed in detail elsewhere. 

As in that case, a very simple expression can be obtained for the bending 
moment at which instability occurs, for inspection of Fig. 1 shows that, independently 
of the value of p, the plate becomes unstable at a value of C that is very nearly 
equal to 7.5. Putting this value in (17), the following expression for the critical 
value of M’ is obtained, 


M’.r=8.44+23.5 p?. . (18) 


This expression is not quite exact, but the error is very small, and always on 
the safe side. 
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6. TRIANGULAR CORRUGATIONS 
Consider the corrugation shown in Fig. 3. This has the equation 


y 8 [si 2ex .. ] 
—=-—,| sin — — =5sin — + =sin 
pd = 


The shape of the moment-curvature relationship (though not its scale) is almost 
indistinguishable from that of a sinusoidal corrugation, instability again occurring 


pd 
x 
< r 
Fig. 3. 


at a value of C very close to 7.5. The following three expressions for M’., are based 
respectively on the first, the first two, and the first three terms of the series (19) 


M’..=8.44 + 15.42 p? | 
M’.r=8.44 + 15.47 


In the neighbourhood of M’.,, the series for M’ converges as (a,7+ 5,7), and 
with a symmetrical corrugation of this type, this means that very few terms need 
be considered. 


7. A MORE GENERAL EXAMPLE 


As a more general example, the corrugation shown in Fig. 4 will be considered. 
This consists of a series of sinusoidal humps separated by strips of flat sheet, all 
the humps being on the same side of the sheet. A complete corrugation is given by 
y=pd{[2/3 -cos(6zx/A)] from x=0 to x=A/3 and y=—pd/3 from x=A/3 to 
x=. a, and b, are given in Table I, for values of n up to 8. M’ is plotted against 
C for various values of p, in Fig 4. 


M’., occurs at about C=35, and is given, very nearly, by 


M’,=39.38+1165p? . . . . . (i) 
TABLE I 

n bn 

+0.53715 +0.97426 
2 +0.42972 0.77941 
3 0 — 0.33333 
4 0.15347 — 0.27836 
5 — 0.05372 +0.09743 
6 0 0 

7 0.01535 — 0.02784 
8 


— 0.00977 +0.01771 
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Fig. 4. 


Values of the coefficient of p* obtained by including values of n up to 1, 2, 3 

rere. 8, are 2.9, 74.6, 93.8, 113.7, 116.2, 116.2, 116.4 and 116.5. In this case 

it is seen that in order to obtain a reasonably accurate value of M’.,, it is necessary 
to include values of n up to 4 or 5. 


It must be noted that comparison between (18) and (21) does not imply that a 
sheet with spaced humps is stronger than a sheet with equal humps placed side by 
side. If direct comparison is to be made between the two cases, 4/3 must be used 
instead of A in calculating M’ and C for the sheet with spaced humps. This means 
that the figures in (21) are multiplied by (1/3)’. 


8 LIMITATION OF THE THEORY 


The theory presented here suffers from the limitation that (dy/dx)’ must always 
be negligible in comparison with unity. This is because, as mentioned earlier, 
equation (4) is true only if the usual approximation to d*y/dx° can be made for the 
curvature of the transverse beam. However, it is probable that this limitation will 
not greatly hamper the use of the analysis, as it is unlikely that forms of corrugation 
which do not satisfy this condition—such as rectangular corrugations—will, in 
practice, fail by the type of instability considered here. 
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Aeroplane Tail Loads for Longitudinal 


Manoeuvres 


by 


G. W. SMITH and J. B. REA 


SUMMARY 


This paper deals with the application of the Transfer Function-Fourier (T.F.F.) 
Method to the calculation of longitudinal manoeuvring tail loads for aeroplanes. 

It has been found that the tail loads computed by this method agree very well 
with those computed by the standard method outlined in Ref. 1. The main 
advantages of the T.F.F. method are the time saving and the convenience in handling 
an arbitrary elevator input. Having once calculated the transfer function between 
elevator input and tail angle of attack output, it may be used repeatedly to compute 
the longitudinal manoeuvring tail loads for various arbitrary elevator inputs. This 
is done by simply expressing the input as 2 Fourier series and multiplying each term 
in the series by the value of the transfer function for the corresponding frequency. 
Then the resulting output series is summed at enough points to obtain a plot of the 
transient output. This process can be done in approximately one hour of engineering 
time for each arbitrary elevator input, exclusive of machine calculating time. The 
machine (usually I.B.M.) calculating time is about half an hour per input. On the 
other hand, experience has shown that the engineering time required per input by 
the standard method is approximately forty hours for the first input, and 
approximately five hours for each additional input. 

It is concluded that the calculation of longitudinal manoeuvring tail loads by 
the T.F.F. method is accurate, dependable, especially adaptable to machine methods, 
and can conveniently handle arbitrary inputs. 


INTRODUCTION 


In the study of a dynamic system, it is often necessary to integrate the equations 
of motion of the system. In most practical cases this cannot be done by simple 
analytical processes because the input to the system cannot usually be directly 
expressed by elementary functions. To overcome this difficulty, use is made of the 
well-known fact that, subject to certain restrictions, an arbitrary function may be 
expressed as a Fourier series. Since the input often takes the form of a curve 
derived from experimental observations, the coefficients of the Fourier series are 
most easily calculated by machine (usually I.B.M.) methods. 
Paper received February 1951. 
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Having thus expressed the input as a Fourier series, it is convenient next te 
operate on this series by the transfer function and thus obtain the output series 
which, when summed, gives the required transient solution to the dynamic problem. 
Since this solution is an infinite series, it is convenient to have some scheme for 
summing this series at a sufficient number of points on the time scale to give an 
accurate plot of the resulting transient. The scheme used in this paper for applying 
the Fourier technique is one that is readily operated on an I.B.M. machine, and is 
described in detail in Ref. 2. 


NOTATION 
6=angle measured from horizontal reference to positive x-axis 
(radians) 
q= angular velocity, 6 (radians /sec.) 
4, % = angle of attack of the wing and tail respectively (radians) 
6.(t)=elevator deflection from trimmed flight position as a 
: function of time (radians) 


Az, (t)=increment in tail angle of attack as a function of time 
(radians) 
¢= angle of wing downwash (radians) 


dynamic pressure at tail 


dynamic pressure in free stream 


n= tail efficiency = 


p=mass density of air (slugs/ft.*) 


v=longitudinal component of aeroplane true air speed 
(ft. /sec.) 


v, = initial value of v (under trimmed conditions) 
W = linear velocity of centre of gravity along the z-axis (ft./sec.) 
w=AW/U, 
Z = total unbalanced force along z-axis (Ib.) 
M= total unbalanced moment about y-axis (ft. Ib.) 
m= mass of aeroplane (slugs) 
S,S,= area of wing and tail respectively (ft.”) 


l.,/,= distance, measured parallel to x-axis, from aeroplane 
centre of gravity to aerodynamic centre of wing and 
horizontal tail, respectively (ft.) 
= slope of normal force coefficient for horizontal tail 
t 
f= frequency (cycles /sec.) 
«= frequency (radians /sec.) 


R,,= amplitude ratio between angle of attack of the tail and 
elevator input, a function of frequency nw, 
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K,,, b,, d, = 1.B.M. Fourier series constants (see Table II) 
«, = fundamental frequency (radians/sec.) 
t= time (sec.) 
n= integers 1, 2, 3, 
conventional aerodynamic stability 
»M,, M:., Lie 


dt 
C,, Cu. Cz= lift, moment, and force coefficients, respectively, of the 
aeroplane (non-dimensional) 


~ derivatives (dimensional) 


A,=cosine Fourier coefficient of the elevator input at 
frequency nw, 


A,=zero frequency value of A, 


B,=sine Fourier coefficient of the elevator input at 
frequency nw, 


B,= zero frequency value of B, 


L,= cosine Fourier coefficient of the angle of attack of the tail 
output at frequency nw, 


L,= zero frequency value of L,, 


M,,= sine Fourier coefficient of the angle of attack of the tail 
output at frequency nw, 


M,,= zero frequency value of M, 


(T.F.)or= transfer function between output and input, a function of 
frequency no, 


(A.R.)or= amplitude ratio between output and input, a function of 
frequency nw, 


(P.A.)or= phase angle between output and input, a function of 
frequency no, 


$n = Phase angle between angle of attack of the tail and elevator 
input, a function of frequency nw, 


T =tail load 
AT = transient tail load 


d 
D= the operator a 


I.B.M.= punched-card digital computing equipment, manufactured 
by I.B.M. Corporation 


2.5 METHOD OF ANALYSIS 


The method of analysis used for calculating the longitudinal manoeuvring tail 
loads is based upon the concept of the transfer function, which is defined for a 
linear system as the vector ratio of the harmonic output of an element to harmonic 
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AIRPLANE 

HORIZ 
ELEVATOR TAIL | HORIZ. 
INPUT WHOLE TAIL 


DOWNWASH 
LAG 


Fig. 1.—Block diagram for tail loads produced by elevator deflections. 
(Neglecting aerodynamic circulation lag and aeroelastic deflections.) 


input. In other words, the input multiplied by the transfer function yields the output 
in proper amplitude and phase with respect to the input. The transfer function 
thus has two basic parts, amplitude ratio and phase angle, both a function 
of frequency. 
In this case the elevator input was expressed as a Fourier series : — 
x 


n 
6. (1)=4A,+  { A, cosno,t+B, sinnw,t }, 


n=1 
where the coefficients A, and B, were calculated by the I.B.M. processes. 

In the particular example chosen, the fundamental period of the input was taken 
as eight seconds, which gives a fundamental frequency of 0.125 cycles/sec. The 
series was evaluated to 5 cycles/sec. and consisted of 40 sine terms and 41 
cosine terms. 

Each coefficient was multiplied by the particular amplitude ratio of the tail 
angle of attack per elevator input transfer function, corresponding to the frequency 
of the sine or cosine term associated with the coefficients. Also, the phase of each 
sine or cosine term was shifted by an angle equal to the phase angle of the transfer 
function at the specific frequency of each sine or cosine term. 

This yielded a new series which represented the change in tail angle of attack 
as output : — 

Az, ()=4L, + { Lycos $,)-+M, sin (neo +9.) } 
n=1 


This series was summed by the I.B.M. from t=0 to t=8 seconds in increments 
of 0.2 second, giving the time response for the angle of attack of the tail, from which 
the longitudinal manoeuvring tail loads were calculated by multiplying Az, by the 


constant multiplier 
1/0C, 


The same general procedure was followed to get the time responses for the 
normal velocity W and the pitch rate, q=9, of the aeroplane. 
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A simplified block diagram for the tail loads produced by elevator deflections is 
shown in Fig. 1. Elevator motion is the basic input to the system and tail load is 
the output. In this simplified case the effects of aerodynamic circulation lag and 
elastic deflections have been neglected (they are also neglected in the standard 
method"). 

The basic equations relating the transfer functions for the system are 


aC, 


and 
1 (dz [ |+ 
(T.F.) actse = OF. — U. (T.F.) use — 
~—(T.F.),80 + 


U,V 
(2) 

Then, once the aircraft transfer functions (T.F.),.s. (T.F.)(aw,aty3e and (T.F.),s. are 
computed from conventional aircraft stability equations, it is a simple matter to 
compute (T.F.),;;.. which is all that is needed to determine the transient AT 
resulting from an arbitrary 5. (using the Fourier technique already mentioned). The 
aircraft transfer functions may be determined as follows. 


3. AIRCRAFT TRANSFER FUNCTIONS 


The conventional dynamic equations governing the motion of the aeroplane 
when the variations in the longitudinal velocity are neglected are 


(-D+Z.)w+U, q= Lie des 
and (DM +M.)w+(—D+M,)q= — Mic’. 


Solving these equations for harmonic elevator motion, the aircraft transfer 
functions are 


dt 
where 
| (T.F.),, (U, Ms. — M, Zs + Z 5" 
M,- Z.—M,-U, | w? | 


(My Zic— Mie Zu)? + (Mie + Maw 0? 
dt 
—(Z~+M,+U,Mw )o 
dt 


Gwie= tan! Zo —tan-! 
U, M3. — M, M, U, Mw — 
at 
(Mie + Maw Zie) -—(Z,, +M, +U, yo 
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Equations (3), (4) and (5) may then be used with equations (1) and (2) to obtain 
the overall transfer function (T.F.),rse between elevator input and tail load output. 


4. SUMMARY OF BASIC STEPS 


A summary of the basic steps used in calculating the tail loads by the T.F.F. 
method is as follows : — 
(i) Evaluate the aerodynamic stability derivatives, Z., Zse, Mus Mawar, M, 
and M;, (for example, as indicated in Ref. 1). 
(ii) Use the stability derivatives to compute the aircraft transfer functions 
from equations (3), (4) and (5). 
(iii) Compute the overall transfer functions between elevator input and tail 
load output, using equations (1) and (2) and the aircraft transfer functions. 
(iv) Compute the transient tail load resulting from an arbitrary elevator input 
by using the Fourier technique, as follows :— 
(a) Express the elevator input as a Fourier series. 


(b) Operate on each term in the input series with the corresponding value 
of the overall transfer function to obtain the angle of attack of the 
tail output series. 

(c) Sum the output series to get the actual angle of attack of the tail 
transient and the corresponding tail load transient. 


5. EXAMPLE 
An example covering these basic steps will now be given for the trapezoidal 
elevator time history shown in Fig. 6. 


(i) The aerodynamic stability derivatives for the example chosen are, for 
U,=284 ft. /sec. 


Z»= — 0.80227 (1/sec.) 1,=58 ft. 
M,,= -0.0011692 (1/[ft. sec. }) n=1.0 
Maw at = 0.0012222 (1/|[ft. sec.?]) dz, /d5,=0.63 
M,= — 1.1422 (1/sec.) dz /da,=0.38 
M;.= — 2.8515 (1/[sec.? deg.]) Z;. assumed negligible 
di 
+(UP)- 
wa 
ag aN 
O14 1.0 3G. 40 
> 47 (DOWN) 
lJ 8 


Fig. 6.—Time History of elevator input. 
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Fig. 2.—Transfer Function of aircraft normal 
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Fig. 4.—Transfer Function of rate of aircraft 
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Fig. 3.—Transfer Function of rate of change 
of aircraft normal velocity to elevator input 
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Fig. 5.—Transfer Function of angle of 
attack of tail to elevator input (T.F.) 4 a;3.. 
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Fig. 7.—Time History of aeroplane normal velocity. 
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(ii) The aircraft transfer functions, from equations (3), (4) and (5) are 


810.110 == ) ( ft. 


(TBP) = { (1.2487 = 5.2500 } sec. deg. 
ft. ) 
. | pi @owse+90 
(T.F. © | (T.F.)use | 0°) (3 deg. 


The amplitude ratios and phase angles for wé., (dw/dt)6. and qé, are 
plotted in Figs. 2, 3 and 4 respectively. 


(iii) The transfer function, (T.F.),,,.. was then computed from equation (2) 
and the corresponding amplitude ratios and phase angles are shown in 
Fig. 5. The overall transfer function (T.F.),,;.. was then obtained from 
equation (1), by multiplying (T.F.) , ,,. by the constant multiplier 


(iv) For the time history of the assumed trapezoidal elevator input shown in 
Fig. 6 the corresponding coefficients of the input series are shown in 
Table I, as determined from the Fourier analysis by I.B.M. 


Table II, column 1, shows the result of multiplying each coefficient of the input 
series by the corresponding amplitude ratio for angle of attack of the tail per 
elevator input (where the input series has first been converted to a sine series). 

Table II, column 3, shows the result of shifting the phase of each term in the 
input series by the corresponding phase angle between angle of attack of the tail 
and elevator angle. (Note: the cosine term is changed to a sine term by adding 90° 
to its phase, for the purpose of carrying out the summing process.) 

Table III shows a tabulation of the output time response of the angle of attack 
of the tail, again obtained from the I.B.M. 

Figures 7, 8 and 9 show the time history of aeroplane normal velocity, pitching 
angular velocity, and tail angle of attack, respectively, as summed by the I.B.M. 
Figs. 10 and 11 show the corresponding tail load and wing load, respectively. 


6. COMPARISON WITH STANDARD METHOD OUTLINED 
IN REF. 1 


The detail calculations of the same example by the standard method” are not 
included in this paper, but comparison showed that the results of the two methods 
agreed to within five per cent. The main advantages of the T.F.F. method are the 
time savings and the convenience in handling an arbitrary input. 


7. CONCLUSIONS 


Calculation of longitudinal manoeuvring tail loads by the T.F.F. method is 
accurate, dependable, especially adaptable to automatic machine (I.B.M.) methods, 
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TABLE I 
COEFFICIENTS OF INPUT FOURIER SERIES 
(DETERMINED BY I.B.M.) 


(Note: A, B are cosine and sine coefficients respectively) 


Analysis Problem 40A 40B 
98 ~ 128) 123 ~ g0 370 
98 2 49/553 748 
98 3 1 77/930 18 324 
98 4 2 560 4 631 
98 5 10 330 4 132 
98 6 10 948. 7743 
98 7 12 820 10.703 
98 8 2 764 1 006 
98 9 5011 4.905 
98 I 10 1 6 900 256 
98 3650 657 
98 1 12 1 1/92] 261 
98 1 13 1 11/836 575 
98 14 1 684 —1 031 
98 l 15 1 3 097 1 374 
98 1 16 1 1 265. 941 
98 17 1 755 O11 
98 1 18 1 006 2 005 
98 1 19 1 1 460 549 
98 | 20 1 350 1 550 
98 I 21 1 1 136 285 
98 2? 168 039 
98 33 079 - 205 
98 24 814 818 
98 1 25 1 755 301 
98 i 37 1 i 178 1 380 
98 28 811 290 
98 l 29 l 444 250 
98 30 100 044 
98 I 3 34] 013 
98 I 32 035 141 
sid 33 I 493 037 
98 35 1 018 ~ 857 
98 I 3 | 1 100 969 
98 37 360 494 
98 38 074 959 
98 39 I 072 116 
98 40 400 
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t from 0 to 8 in increments of 0.1. 


0.8438 
1.2662 
0.1319 
0.0305 
0.0268 


0.0503 
0.0684 
0.0064 
0.0314 
0.0016 


0.0299 
0.0167 
0.0037 
- 0.0066 
0.0088 


0.0060 
- 0.0001 
0.0128 
0.0035 
— 0.0099 


0.0018 
0.0002 
0.0013 
- 0.0052 
0.0019 


0.0037 
0:0088 
0.0018 
— 0.0016 
0.0003 


0.0001 
— 0.0009 
— 0.0002 
— 0.0011 
- 0.0054 


0.0061 
0.0031 
- 0.0004 
0.0007 
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TABLE II 
I.B.M. TRANSIENT RESPONSE WORK SHEET 


ANALYSIS 98 


( Note: 


Fractions of a circle 


XX.XXX 

b, d,, 
0.125 0.295 
0.250 0.167 
0.375 0.105 
0.500 0.072 
0.625 0.047 
0.750 0.033 
0.875 0.028 
1.000 0.025 
1.125 0.022 
1.250 0.021 
E375 0.019 
1.500 0018 
1.625 0.017 
1.750 0.017 
1.875 0.017 
2.000 0.017 
0.016 
2.250 0.016 
2.375 0.015 
2.500 0.015 
2.625 0.014 
2.750 0.013 
0.012 
3.000 0.012 
5-425 0.011 
3.250 0.011 
3.375 0.011 
3.500 0.010 
3.625 0.009 
3.750 0.009 
3.875 | 0.008 | 
4.000 | 0.008 || 
4.125 0.007 | 
4.250 0.007 | | 
4.375 0.006 
4,500 0.006 | | 
4.625 0.006 | 
4.750 0.006 | | 
4.875 0.005 | 
5.000 | | 


L, .& 


56 


| 86 


PROBLEM 12 


K,, sin (b,t; + ) 
1 


51 
52 — 1.3453 0.125 
53 0.4187 0.250 
54 0.5548 0.375 
55 — 0.0170 0.500 
0.0676 0.625 
57 | 0.0708 0.750 
58 0.0825 0.875 
59 - 0.0117 1.000 
60 0.0321 1.125 
61 — 0.0442 1.250 
62 0.0234 
63 0.0123 1.500 
64 0.0117 1.625 
65 — 0.0043 1.750 
66 0.0198 1.875 
67 0.008 1 2.000 
68 0.0112 2.125 
69 0.0064 2.250 
70 — 0.0093 2.375 
0.0022 2.500 
0.0073 2.625 
73 0.0011 2.750 
74 0.0005 2.875 
75 0.0052 3.000 
76 0.0048 3.125 
0.0060 3.250 
78 0.0075 3.375 
79 — 0.0052 3.500 
80 0.0028 3.625 
81 0.0006 3.750 
82 | 0.0022 | 3.875 
83 | 0.0002 | 4.000 
84 0.0031 4.125 
85 — 0.0013 4.250 
0.0065 4.375 
87 0.0070 | 4.500 
88 —0.0023 | 4.625 
89 0.0005 4.750 
90 4.875 


0.0005 


Total of 81 values of ¢. 


| 
| 


| 
~1 00 \O 


Sesss 
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| Fractions of a circle 
| n X.XXXX n X.XXXX XX.XXX «XXX 
K, b,, d,, 
1 
0.545 
| 3 0.417 
i 4 0.355 
| 5 0.322 
} | 6 
8 
| 10 
1 | 0.271 
12 0.269 
13 0.268 
| 14 0.267 
| 15 0.267 
16 0.267 | 
17 0.267 
| 18 0.266 
19 0.266 
| 20 0.265 | 
0.265 
2 0.264 
| 23 0.263 
| 24 0.262 
| 25 0.262 
26 0.261 
0.261 
| 98 0.261 
29 0.260 
| 30 0.259 
| 31 0.259 
32 0.258 
33 0.257 : 
34 | 0.257 
35 0.256 
| 36 | | 4 
| 256 
38 256 
| 39 256 
40 256 
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TABLE III 
OUTPUT TIME RESPONSE OF ANGLE OF ATTACK OF THE TAIL 
(Note: Scale factor =0.0437, shift =0.0234) 


Analy- Prob- Analy- Prob- 
sis lem Time | sis lem Time 
98 12 000 0000 498 98 [2 026 0260 32 608 
| 98 12 001 0010 712 98 12 027 0270 3 598 | 
| 
| 98 12 002 0020 — |920 98 12 028 0280 3/215 
98 12 003 0030 1.079 98 12 029 0290 2\827 
98 12 004 0040 — 1/223 98 12 030 0300 2 438 
98 12 005 0050 1/305 98 12 031 0310 2050 
98 12 006 0060 9 12 032 0320 1698 
98 12 (007 0070 — 1/345 98 12 033 0330 1/371 | 
98 12 008 0080 98 12 034 0340 1074 
98 12 009 0090 952 98 12 035 0350 778 | 
98 12 010 0100 — 640 98 12 036 0360 506 | 
98 12 O11 O110 323 98 12 037 0370 — 021 
98 12 O12 0120 — 019 98 12 038 0380 483 | 
98 12 013 0130 295 | 98 12 039 0390 — 886 | 
98 12 014 0140 577 98 12 040 0400 1206 | 
| 98 12 OLS 0150 844 98 12 041 0410 1/342 
98 12 016 0160 1/058 | 98 12 042 0420 — 1366 
98 12 017 0170 1/254 | 98 12 043 0430 1381 
| 98 12 018 0180 1/754 98 12 044 0440 —1 393 
98 12 019 0190 2/198 | 98 12 045 0450 — 1387 
98 12 020 0200 21614 98 12 046 0460 1385 
98 12 021 0210 21917 98 12 047 0470 — 11313 
98 12 022 0220 3,189 98 12 048 0480 ing iy 
98 12 023 0230 3 368 98 12 049 0490 — 1/240 
98 12 024 0240 3)485 98 12 050 0500 —1218 
98 12 025 0250 3/559 


and can conveniently handle arbitrary inputs. The method has many advantages 
over the standard method’. The T.F.F. method of analysis has wide 
application and is capable of being extended to any dynamic system whose 
physical characteristics can be expressed as linear differential equations with 
constant coefficients. 
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CORRESPONDENCE 


STRUCTURES DATA SHEETS 


The following note has been received from Dr. J. H. Argyris and Mr. P. C. Dunne on the 
use of the sheets recently issued as Volume III of the Structures Data Sheets, which were 
prepared when they were members of the Society’s Technical Staff. It is felt that this note 
will be of interest to many users of the data sheets and it is proposed that a reprint of this note 
will be sent for insertion in all sets of the sheets. 


HE volume attempts to give in data sheet form a rational procedure for stressing conical 
tubes under an arbitrary distribution of transverse forces. Since the data sheets are 
intended for use in wing stressing, at first sight they may appear to be much more restricted 
in their application than may reasonably be expected from such a large number. It is hence 
desirable to list some of the main assumptions on which this work is based, together with the 
considerable possibilities of extending usefully its range. 


MAIN ASSUMPTIONS AND POSSIBILITIES OF RELAXING THEM 


1 (a) The structure consists of conical segments stiffened transversely by a closely spaced system 
of ribs rigid in their own plane but perfectly flexible normal to it. 


(b) The taper or sweepback should be such that no generator is inclined to the normal to 
the ribs by more than 10°. 


1 (a) The assumption that the ribs completely prevent cross-section distortion but do not 
impede warping does not affect the calculation of the engineers’ theory and Bredt-Batho 
stresses. In general, the effect of rib deformability is only important in regions of large 
concentrated loads or pronounced changes of cross section (e.g. at cut-outs). Moreover, 
in closed segments of wings with conventional plate or girder ribs the axial constraint 
stresses are usually conservative when based on the rigid rib assumption. Since rib 
deformability reduces the resistance to warping of a closed segment the disturbance to the 
stress distribution at the join between an open and a closed segment will be its most 
marked effect: this is generally most adverse on the open segment. 


(b) The theory may te applied to swept-back tubes with large angles of sweep, provided that 
they are of the type with ribs normal to the mean sweepback line. A special calculation 
will te necessary to estimate the warping characteristics of the carry-through bay 
connecting the port and starboard wings. The detailed stress distribution in the central 
part of the wing where there is a sudden change in the direction of the ribs (root triangle) 
remains as a complicated problem. One limitation of the applicability of the theory 
to swept-back tubes is that the effect of rib deformability is much more pronounced. 

For swept-back wings with ribs along the line of flight, or wings with very large 
taper (delta-wings), the theory is not applicable. It should be noted, however, that for 
wings with large mean sweepback angle x and small taper the engineers’ theory and 
Bredt-Batho stress system are statically consistent. This presumes that the bending 
moments are calculated about axes parallel to the ribs and factored by sec x and that 
the shear flows are regarded as acting along trapezoidal elements. 


2 (a) The tube consists of four direct stress-carrying booms and a number of purely shear- 
carrying walls. 
(b) The thicknesses of all walls are constant lengthwise and the areas of the booms are 
proportional to the distance from the apex of the cone. 


to 


(a) The restriction on the number of direct stress-carrying booms is without any special 
significance when calculating the engineers’ theory stresses. All formule given in the 


appropriate data sheets may be generalised immediately for an n-boom tube by changing 
n 
the summation sign ¥ to ©. Furthermore, the effect of a continuous direct stress-carrying 


1 1 
skin may be included by changing the summation formule into integral ones. The 
four-boom approximation will usually te found sufficient for the calculation of the 
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torsion-bending stresses in an open tube; a more elaborate analysis, based on the n-boom 
conception, may be found in Section 6.5.7 of Reference 1. 


The calculation of the axial constraint stresses for tubes with more than four booms, 
on an exact basis, is a tedious procedure and would probably not be suitable for 
presentation in data sheet form. Note, however, that the large number of diagrams giving 
the longitudinal variation of the axial constraint stresses are immediately applicable to 
conical tubes with any number of booms, so long as the longitudinal variation of booms 
and wall thicknesses follows assumption 2 (b). Furthermore, from the practical point 
of view the four-boom approximation is often sufficient for a reasonable estimate of the 
axial constraint or shear lag stresses, so long as the effective boom areas are properly 
estimated and the cross-sections considered are not at, or near, a cut-out. Now, the 
most important stressing problem at cut-out is the design of the proper reinforcement of 
the spar booms and in the Appendix to Part VI (Ref. 1) the authors show how this can 
be done simply on the basis of a preliminary four-boom analysis by the use of two 
additional diffusion data sheets only. There will also be found a method of obtaining 
the effective boom areas for the four-boom approximation to the axial constraint stresses. 


If the boom areas and wall thicknesses are similarly distributed at all cross sections, but 
their longitudinal variations do not follow the simple laws postulated under 2 (b), a 
considerable number of the present data sheets may still be applied with very minor or no 
alterations. This, for example, is true for the engineers’ theory, Bredt-Batho, and 
torsion-bending stresses and for the cross-wise variation of the axial constraint stresses. 
Only the longitudinal variation of the latter stresses (i.e. the G-functions) takes a different 
analytical form but in most cases it should still be possible by suitable idealisation of 
the longitudinal variation of booms and wall thicknesses to make good use of the 
present data sheets. 


If the distribution of the direct and shear stress-carrying material is not similar at 
all cross sections it is, in principle, still possible by suitable idealisation to obtain a 
structure following the laws of variation assumed in these data sheets. This method 
is reasonably reliable in many cases, but it appears preferable when finding the engineers’ 
theory and Bredt-Batho stresses and the axial constraint torque, to omit the previous step 
in the idealisation and to use a different analysis, also described in detail in the Appendix 
to Ref. 1. It is important to realise that in tubes with non-similar distribution of material 
there is no flexural axis in the strict sense of that existing in idealised tubes, and further- 
more, there is no zero-warping axis. The analysis proceeds as follows: At different 
stations the boom load gradients dP:/dz are calculated by the engineers’ theory. The 
shear flows corresponding to zero rate of twist at all cross sections are then determined 
from formule which may be obtained from the equations for the engineers’ theory shear 
flows given in the data sheets by substituting —dPr/dz for (Qy/Jx) By (or (Qx/Iy) Bx). 
The torque of the zero twist shear flows about any convenient axis through the apex, is 
then subtracted from the torque of the external load system, about the same axis, to 
give the torque from which the Bredt-Batho shear flows are calculated. 


It is shown in the Appendix to Ref. 1 (Section A.2.1) how the torque from which 
the axial constraint stresses arise can be calculated very easily. To find their distribution, 
however, it will still be necessary to use an idealised tube structure (or a series of 
segments) following the longitudinal variation postulated in the present data sheets. 
If the idealised structure consists of a single conical tube it is best to make the tubes 
most similar at the cross sections where the axial constraint stresses are most marked, 
e.g. at a root if built in. When for greater accuracy the structure is divided into a 
number of idealised conical segments, in general, it is preferable to make the actual 
and idealised cross sections identical in the middle of each segment. An exception to 
this rule is advisable at stations with peaks in the axial constraint stresses where the 
previous procedure of making the two respective cross sections identical should be used. 
The problem of designing the spar booms at, or near, cut-outs may be treated as indicated 
at the end of 2 (a). 


In the case of non-conical tubes, the method of the last paragraph may still be 
applied, in principle. It should be noted that for the calculation of the engineers’ theory 
and Bredt-Batho stresses the actual structure is used, but when finding the torque to be 
carried by the latter stresses, allowance must be made for the torque arising from the 
boom loads. The torque giving rise to the axial constraint stresses may be calculated 
approximately by the same procedure as advised in the last paragraph for conical tubes. 
The longitudinal variation of the axial constraint boom loads may be estimated by 
considering the structure as a conical tube, or a series of conical segments, with the 
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same longitudinal variation of the material as assumed in the present data sheets. 
However, the transverse variation of the boom loads must be based on the current 
cross-section. The shear flows in the walls are then calculated up to a constant from 
the boom load gradients. Finally, the unknown constant is determined from the condition 
of zero torque due to axial constraint boom loads and shear flows (See also Ref. 2). 


SUGGESTED STRESSING SEQUENCE 


Following this discussion of the assumptions it may be worth while to point out that 
essentially any stressing procedure is based on an idealisation of the geometry of the structure 
and the behaviour of the material. Considerable physical insight is often required in finding 
the most suitable idealised structure, both from the accuracy and computational point of view. 
In most cases a cruder idealisation is satisfactory for finding the axial constraint stresses than 
for the engineers’ theory stresses. Bearing this in mind, it is suggested that the calculations 
should proceed in the following stages :— 


(I) Calculate the engineers’ theory and Bredt-Batho boom loads and stress flows in a suitably 
idealised structure; this structure need not necessarily be four-boomed (see 2(a) above). 
Or alternatively find the statically equivalent stress system in the actual structure following 
the procedure given in 2(b). (See also Section 15.9 of Ref. 2.) 


(II) From the boom loads and stress flows found by the first method of stage (I) calculate 
the direct and shear stresses in the actual structure. This step is obviously redundant 
when the actual structure is used in step (I). 


(IIT) Calculate the axial constraint (or torsion-bending) boom loads and shear flows in 2 
suitable four-boom idealisation (see 2(a) and 2 (b) above). Convert these boom loads and 
shear flows into a stress distribution in the actual structure. 


(IV) Obtain the total stresses by adding those of stages (II) and (III). Note that if the two 
idealised structures are identical it is better to sum the boom loads and stress flows of 
stages (I) and (III) and thence the total stresses in the actual structure. 


(V) Correct, if necessary, for diffusion effects at cut-outs (again see 2(a)). It may sometimes 
be necessary to correct also for the small out-of-balance boom loads that will arise at 
the join of two segments when the idealisation of stage (1) differs from that of stage (IID. 
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The following are reviewed : — 


High Speed Aerodynamics. Traité Elémentaire de Droit Aérien. 
Helicopter Analysis. The ABC of Gliding. 
Automatic and Manual Control. The Initiation and Growth of Explosions in 
Theoretical Aerodynamics. Liquids and Solids. 
Finite Deformation of an Elastic Solid. The Stories of Flying Officer * X.” 
Symposium on Welding and Riveting Night Be My Witness. 

Large Aluminium Structures. The Net. 


HIGH-SPEED AERODYNAMICS. W. F. Hilton. Longmans, Green & Co., London. 1952. 598 pp. 
Illustrated. Index. £3 net. 

Dr. Hilton has tried to give an account of all branches of high-speed aerodynamics, 
subsonic, transonic and supersonic, with as little mathematics as possible and with emphasis 
on qualitative description of the physical principles. The first eight chapters deal with flow at 
high subsonic speeds, with much detailed discussion of the shock-stalling of two-dimensional 
aerofoils. In the next four chapters, dealing with supersonic flow, there is a large amount of 
space devoted to the linearised and second-order theories for two-dimensional aerofoils; other 
aspects of supersonic flow are considered comparatively briefly. The remaining chapters in 
the book deal with such subjects as hypersonic flow, wind tunnels, propellers, and jet propulsion. 

The arrangement of the subjects in the book is most unusual. For example, although 
shock waves are mentioned in nearly every chapter, the shock-wave equations are not introduced 
until Chapter 16. Because of this unusual arrangement the student who is new to the subject 
will probably find the book difficult to follow. 

The book must be criticised because it contains a number of misleading statements, for 
example in discussing the (laminar) boundary layer separation that occurs upstream of the 
trailing-edge shock wave on a supersonic aerofoil the author states: “this is undoubtedly 
because the accelerating pressure gradient is just too weak to maintain a laminar boundary 
layer at this point.” (The effect of the shock wave is not mentioned). 

The effect of altimeter lag on the indicated Mach number of a diving aircraft is explained 
by saying that the instrument indicates colder air and too low a velocity of sound. (In fact 
the calculation of Mach number from the A.S.I. and altimeter readings is independent of air 
temperature). In the discussion of the longitudinal stability and control of an aircraft at high 
subsonic Mach numbers the pitching moments are referred to the quarter-chord point and the 
position of the centre of gravity is hardly mentioned. 

In view of these and other statements the book cannot be recommended. 


HELICOPTER ANALYsIS. A. A. Nikolsky. Chapman & Hall Ltd., London 1952. 340 pages. 
Figures and Tables. 53s. 6d. 

Professor Nikolsky is one of the leading American authorities on rotating wing aircraft, 
and anything from his pen warrants close reading. He is fairly well known in this country 
from his “* Notes on Helicopter Design Theory,” which presented the material which he used 
for a course at Princeton University in 1944. 

“Helicopter Analysis” is based on more recent lectures given at Princeton, and the 
first four chapters in the the main follow the earlier ‘* Notes,” although in an extended and 
amplified form. These chapters are an excellent introduction to airscrew theory, the articulated 
rotor, and the theory of the helicopter in vertical and forward flight. Only two criticisms 
can be made. The first is that while in the main the “ classical ” symbols used by the A.R.C. 
and N.A.C.A. are employed, whenever additional symbols are necessary recourse is had to the 
so-called “ rational” system. This mixing of the two systems will cause no little confusion 
to the reader. The second is that the calculation of the performance of a helicopter is dismissed 
by simply giving sample estimates of climb by the energy method, and by the equilibrium 
equations. No guidance whatever is given as to the choice of blade profile drag coefficient, or 
of the correction necessary to allow for the rotational component of the resultant air velocity 
at the blade elements. The omission to give an adequate account of performance estimation 
is surprising in view of the importance to the designer. 

The next three chapters contain the most valuable material, being devoted to stability and 
control response and presenting the subject in a degree not available elsewhere. Chapter 5 is 
devoted to the mathematical analysis of problems in dynamic stability, and of the response of 
the helicopter to various disturbances, showing clearly how to solve the characteristic stability 
equations. This chapter alone is of the greatest value to those whose mathematical equipment 
is none too advanced. 
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The other two chapters deal with stability and control response in hovering flight and in 
forward motion, with fully worked out examples, clearly showing every step in the setting up 
of the equations of motion, the characteristic equations and the interpretation of the roots of 
the latter, together with illustrations of the method of calculating the motion following different 
imposed disturbances, and the application to stabilising devices. Here again the use of the 
“ rational” system of symbols is confusing. An important omission is that nothing is said 
about the stability of the tandem-rotor helicopter, a configuration which is becoming almost 
standard for the bigger helicopter, and where the stability problem is totally different from 
that of the single-rotor type. The last chapter deals with the elastic analysis of rotor blades. 

Altogether, in spite of some omissions which one would have liked to have had covered, 
“ Helicopter Analysis” is a valuable contribution to the literature available to the student. 
It should be in the hands of every technician working on helicopter design. 


AUTOMATIC AND MANUAL CONTROL. Edited by A. Tustin. Butterworths Scientific Publications. 
1952. 584 pp. Index. 50s. net. 

This book is a record of the proceedings of the first international conference on Automatic 
Control, which was held in July 1951 at Cranfield, England, and was sponsored by the Depart- 
ment of Scientific and Industrial Research. The organising and editorial committees have made 
the book more than a bound collection of individual papers by grouping and arranging them 
into sections. Each section falls into a well defined field of activity coming within the scope 
of Automatic and Manual Control. The following titles of the main sections show how wide 
the range of control engineering is today and give some idea of the extent of the subjects 
treated at the Conference: (1) Educational problems, (2) General (linear) theory, (3) Process 
control, (4) Non-linear problems, (5) Systems working on intermittent data and step-by-step 
servos, (6) The human operator, (7) Particular applications, including analogue computers. 

In all there are some 33 papers together with the relevant discussions. The total number of 
speakers, including the authors, is over 100, many of whom contributed on several occasions. 
The majority of the papers and discussions are concerned with the latest research and theoretical 
advances made in the leading Universities, Government Research Establishments and Industrial 
Research Laboratories. The book therefore forms an invaluable reference for those who are 
interested in specialised research in similar fields. Obviously, only particular aspects will be of 
‘interest to the individual. Much of the theory is well in advance of practice and only the 
test of time and experience will filter the irrelevant from that of importance to the design 
engineer. A high standard of mathematical attainment is required for the complete understand- 
ing of most of the papers especially in the branches of operational calculus, theory of the 
complex variable, probability and statistical analysis, calculus of finite differences and non-linear 
mechanics. Consequently, but unavoidably, the book will not be enjoyed by many who find it 
necessary to refer to these papers. 

Section 5 is in reality an extension of the non-linear problems (Section 4) and these two 
together form the largest part of the book. This subject is well covered by the 13 papers and, 
with the pertinent discussions, forms a valuable collection for the designer and inventor. 

It is disappointing that more papers falling within the scope of Section 7 were not 
presented, since the application of the theory is of immediate importance to the engineer. 


THEORETICAL AERODYNAMICS. L. M. Milne-Thomson. Macmillan & Co. 414 pp. Diagrams. 
40s. net. Second Edition. 


The first edition of Theoretical Aerodynamics was published in 1948 and has already 
become one of the standard aerodynamics text books. In the second edition the high standard 
has been maintained; an additional chapter on Supersonic Conical Flow has been added and 
minor corrections have been made. 

The author states in his preface that the reader is presumed to have no knowledge of 
mathematics beyond elements of calculus. This, however, does not restrict the scope, and one 
of the more useful features of the book is that where necessary, mathematical theory is added 
to the aerodynamic theory. 


FINITE DEFORMATION OF AN ELASTIC SoLip. Francis D. Murnaghan. Chapman & Hall, London. 
1952. 140 pp. Index. 32s. net. 

Interest in materials deformed beyond the limits to which the classical theory of elasticity 
applies has grown considerably in the past few years. The main stream of this interest has 
arisen from the study of plastic deformation where the investigations have followed the two 
paths of the rival deformation and flow groups of theories. Professor Murnaghan’s book, 
however, treats the subject of finite deformation on the assumption that the stress-strain 
relations are elastic, although he does not make clear what he means by an elastic medium. 
He shows that his treatment is fairly consistent with the experiments of Bridgman on high 
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hydrostatic pressures, but. apart from this, claims no experimental support. It is indeed hard 
to see how such support could be expected, at any rate using metals, as only for hydrostatic 
stress can large elastic deformations be produced. 

The general treatment of large elastic deformations is interesting, but has little practical 
usefulness, although parts of the book will have application to the deformation theories of 
plasticity. 

The book begins with a clear, concise and useful introduction to the algebra of matrices, 
taken as far as is necessary for the understanding of the rest of the book which is written 
entirely from the mathematical point of view. Perhaps it loses by this restricted outlook. It 
would have enhanced its value and aroused interest in a wider public had the author tried to 
give a physical picture of the entities which he treats as purely mathematical abstractions. 
For example, it would probably help some readers if it were pointed out that it does not need 
a mathematical argument to see the truth of the results relating to the behaviour of the strain 
matrix under transformation of the initial and final co-ordinate reference frames. 

It was disappointing to find that there is no discussion of the implications resulting from 
the assumption that the energy of deformation is independent of the stress and strain history, 
as it is here that the real difficulties of the subject are to be found. 

One of the opportunities, and indeed essential duties, of the author of a book of this type 
is to review the history of the subject, but of references to the literature there are none. 


SYMPOSIUM ON WELDING AND RIVETING LARGER ALUMINIUM STRUCTURES. London. November 
1951. The Aluminium Development Association. 1952. 223 pp. Illustrated. 4s. 6d. net. 

A material which can carry a high loading is of little use to the engineer unless means are 
available for transmitting high loads from one component to another. The jointing of 
constructional steels in thicknesses of the order of one inch is an established art and the jointing 
of aluminium alloys in thinner sections is similarly highly developed; but construction in thicker 
sections of aluminium alloys is less common practice, so that there is far less general experience 
of jointing in this field. 

The Symposium arranged by Aluminium Development Association on Welding and 
Riveting Larger Aluminium Structures has therefore served a most useful purpose, and the 
publication of the complete proceedings will be welcomed as much by those who attended 
the symposium as by those who were absent; for the 200 pages afford a very complete survey 
of both welding and riveting practice, and the discussion includes several communications, in 
addition to the record of all the verbal discussion. 

In the morning session, a paper by Messrs. Houldcroft, Hull and Taylor, of British 
Welding Research Association on the development of arc-welding technique was followed by 
a paper by Mr. Handforth of Birmetals on the practical aspects of argon-arc welding. These 
two papers evoked a lively discussion to which nine contributed orally and ten in writing. In 
the afternoon session, Mr. Bailey of Aluminium Development Association spoke on the driving 
of large aluminium alloy rivets and on their properties and Professor Redshaw on the design 
characteristics of aluminium riveted joints. Again there were no pauses in the discussion and 
the eleven contributors who spoke were later reinforced by ten who wrote. 

In recording these details the point is to be made that the Symposium was in all senses 
a true one—the first dictionary definition was amply fulfilled at lunchtime—and the reader 
should not expect to find here a beginner’s guide to jointing. Rather will he find himself cast 
into an animated debate on the relative merits of the inert gas-shielded, self-adjusting metal 
arc process with other older methods, which do not need a trade name to render them quotable. 

In the afternoon the discussion about what size of rivet could be properly driven by which 
tool and whether heads were really necessary seemed tame by comparison; or were some of 
us wondering whether we could answer the latter question quite objectively? 

Anyway here is the complete volume to afford us a thoroughly sober view of both welding 
and riveting by a concourse of those who are experienced in these methods of jointing. The 
modern aircraft man may ask what about gluing? To which presumably A.D.A. would reply 
that she must draw a line somewhere. 


TRAITE ELEMENTAIRE DE Droit AERIEN. Professeur Michel de Juglart. R. Pichon and R. 
Durand-Auzias, 20 Rue Soufflot, Paris V*. 410 pp. 2,140 francs net. 


This is primarily a book for the student rather than the practising lawyer, because it 
comprises mainly well-documented theory rather than precedents and case law. upon which 
lawyers dealing with what has come to be known as the Anglo-Saxon system of law have 
to depend in everyday practice. This is clearly the intention of the author, who modestly 
describes his work as an elementary treatise. ; 

Nevertheless the book sets out clearly the present position of International Air Law, both 
public and private, explains how this position has been reached and indicates the proposals 
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and steps which are being taken to create new international private air laws and to amend 
existing ones. The existing International Air Conventions (except the Covention of Geneva 
for the International Recognition of Rights in Aircraft) are explained and carefully analysed. 
So far as concerns national laws, naturally Professor de Juglart limits his observations to the 
laws of France. 

As a basis for the study of Air Law, the book is valuable, and his treatment of the subject 
of the liability of the carrier towards the passengers and the owners of cargo he carries is 
excellent. He deals in detail with each Article of the Warsaw Convention, and mentions 
various proposals which have been made for revision of this Convention during the last twenty 
years, although the latest proposals, made in January 1952 by a Special Sub-Committee of the 
Legal Committee of I.C.A.O., are too recent for inclusion in the book. One or two cases 
dealing with liability under the Convention are mentioned in the text, but English and American 
lawyers especially will miss the judgments in, and results of, many cases on the subject which 
have been decided in the English, Scottish, American and Canadian Courts. 

The Author explains the laws and regulations which govern the operation of all categories 
of aircraft, and navigating personnel. He deals faithfully with the problems involved in 
connection with damage caused by aircraft to persons and property on the surface. He also 
covers the different forms of insurance applicable to the various phases of civil aviation. 

The Table of Contents is excellent, but one misses a really comprehensive index, 

The book is recommended for those who wish to understand Air Law, because it explains 
clearly, with a mass of reference to documentation, not only the principles of the law but also 
the reasons for such laws and regulations as exist today on an international basis, with commen- 
taries on each quoted from experts. 

Naturally it will appeal primarily to lawyers and students of France and of other countries 
whose legal systems correspond with those of France; but, for reasons already mentioned, it is 
also of general interest and use to anyone who wants to know the situation of the law 
applicable to International Civil Aviation. 


THe A.B.C. oF GLIDING. Fox Geen. George Allen & Unwin, London. 1952. 103 pp. 54 
figures. 12s. 6d. net. . 

The methods of training pupils ab initio on powered aircraft and on gliders differ consider- 
ably. The potential power pilot flies with his instructor for some half-a-dozen hours until he 
can be trusted to handle the aeroplane solo; the training of the would-be glider pilot may be 
quite different. His club may be one of those without any dual glider and, if so, the pupil 
will fly solo from the start progressing from ground slides, through hops to circuits in the 
club primary glider. When he can fly safely he will be promoted to better and more expensive 
gliders. Other clubs use dual-controlled gliders and follow a flying training course very similar 
to that on powered aircraft. The flights, if from winch launches, are all “ circuits and bumps,” 
but may be prolonged if the club has hill-soaring facilities. 

The techniques of instruction are very different, but they have in common the shortness 
of the airborne time per launch. As a result, briefing the pupil before take-off and discussion 
with him afterwards assume a great importance. The British Gliding Association has produced 
manuals of advice to instructors covering both methods, but the enthusiastic pupil has little 
supplementary reading material at this stage. Clubhouse talk appears to him impossibly 
advanced and his elementary queries must often pass unspoken and unanswered. 

Mr. Fox Geen’s little book is a primer for the gliding pupil. It discusses, with the aid of 
many diagrams, the steps in training up to the first soaring (“C™) certificate, but leaves the 
technique of advanced soaring to others to expound. The emphasis is almost entirely on solo 
training, although this method is being superseded rapidly in Great Britain by dual training. 
The treatment is generally sound but Mr. Fox Geen should correct some errors: for example 
the lift coefficients of over 60 developed by the glider in Figure 12 (some A.T.C. cadets are 
apt to be very knowledgeable on elementary aerodynamics). 

Fathers! Here is a chance to interest your son or daughter in a healthy and adventurous 
sport—and one in which Britain leads the world. 


THE INITIATION AND GROWTH OF EXPLOSIONS IN LIQUIDS AND SOLIDS. F. P. Bowden and A. D. 
Yoffe. Cambridge University Press. 1952. 104 pp. Illustrated. Index. £1 2s. 6d. net. 


This brief volume presents a concise and satisfying account of the considerable volume 
of work, undertaken largely by and in collaboration with the authors, mainly in the post-war 
years, which has rendered intelligible many phenomena of explosion initiation. 

Apart from a brief introduction, the contents are devoted to considerations of the initiation 
of explosions by friction and by impact and of the transition from burning to detonation. 

Having guided the reader to the concept of initiation from a small hot spot of minimum 
size and temperature in the Introduction, the remainder of the text is devoted wholly to the 
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consideration of experimental results, and it is a tribute to the logic of the presentation that 
the omission of written conclusions passes almost unnoticed. Thus within a modest span of 
96 pages the authors are able to include 68 figures and 20 tables, so that the methods of 
experiment are fully documented, and the results are available for the critical reader. 

This compression leads to some loss in material and in artistry. Thus, for instance, the 
irritation of the recurrent trivial names of the explosives could have been lessened by an 
explanatory table, and stroboscopic lighting systems could have been described in terms 
other than “a pulsed trigatron tube.” The authors even deny themselves a climax, their last 
thoughts being that high velocity detonation phenomena are so well understood that they do 
not need further discussion. Only one link in the authors’ argument suffers from this brevity; 
when discussing initiation resulting from the adiabatic compression of entrapped gases a 
proposition is asserted on grounds given only in a reference. The only inaccuracy noted was 
trivial—vibrations of inaudibly high frequency should be described as ultrasonic or ultra- 
acoustic, and not as supersonic. 

While these omissions, voluntary or otherwise. are regrettable, they detract negligibly 
from the merit of the book. The whole material is good, and the treatment will be intelligible 
to all who possess a modicum of physics. It may be recommended not only to specialists 
working in related fields, but to the general scientific reader, and to the engineer who 
handles explosives. 


THE STORIES OF FLYING OFFICER “ X.” H.E. Bates. Jonathan Cape, London. 1952. 190 pp. 
10s. 6d. net. 


Reading again, after a lapse of ten years, the stories of The Greatest People in the World 
and How Sleep the Brave, now grouped in one volume, stirs echoes of what was once intensely 
moving under the impact of war conditions. Yet today these stories, told with studied 
simplicity, seem composed more with the careful artifices of a practical author than to carry 
the swift conviction found in the handful of outstanding books written by flying men 
remembering and deliberating in quieter retrospect their experiences. 

The Stories of Flying Officer ‘‘X” have all the descriptive understatement that typifies 
the R.A.F., making more poignant the author’s theme of comparison between the quiet and 
unsuspecting way of life which is man’s natural right. and the deeds of courage and sacrifice 
in which man, to his surprise, time after time finds himself involved. 

But Mr. Bates has also a deep sense of gratitude which he must express: “ He went off 
to do it in the calm twilight of an autumn evening. The time between departure and return, 
for a Hurricane, is not long. The time went by until it became clear that the anger, the 
hatred and the desire for revenge had been dissipated at last. 

“He is the dead now—you are the living. His was the sky—yours is the earth because 
of him.” . . . That is what we remember again while reading these stories. 


Night BE My Witness. W. Clapham. Jonathan Cape. 1952. 285 pp. 12s. 6d. net. 
Fiction. 


This is the story of Johnny Somers’s war from the first days in Ack-Ack, through the 
disappointment of failure to pass for pilot in the R.A.F. to his eventual rise to Warrant Officer 
bomb-aimer in the Pathfinders. 

The book carries such an air of authenticity and personal experience that one wonders 
how much of it is autobiography. This surmise is strengthened by the remarkable pen 
portraits of the various characters who ring so true to form: all will “ring a bell” with those 
who served in the ranks or on the lower deck and their recognition makes the reading of this 
book the more enjoyable. The author's occasional introspective musings may irritate a little 
but this seems to be the modern fashion. It is a pity the book did not finish at page 275. 


Tue Net. John Pudney. Michael Joseph. 1952. 287 pp. 12s. 6d. net. Fiction. 


“ Security” is, of course, derived from ‘secure which, according to the Concise Oxford 
Dictionary, means untroubled by danger or apprehension, confident, unsuspecting. Mr. Pudney 
has taken as his theme the modern concept of the word which is almost the exact converse 
of the dictionary description. His scene is a Government research establishment where top- 
flight scientists are working on top-secret amphibians. The atmosphere of constant mutual 
suspicion, engendered by snoopers, an inability to talk to one’s family about one’s work and 
other concomitants of modern scientific life are well drawn. Those who are already in “the 
net” will enjoy trying to identify their colleagues and acquaintances in the aeronautical world 
with characters in the book. 


OCTOBER 1952 


JOUr 


ADDITIONS TO THE LIBRARY 


BOOKS 


The Aeroplane. Aeroplanes and Aero-Engines. (Twenty-five Cutaway Drawings), 3rd ed. 
Temple Press. 1952. 

Crash Injury Research. The Site, Frequency and Dangerousness of Injury sustained by 800 
Survivors of Lightplane Accidents, Cornell University Medical College. 1952 

Joubert, Air Chief Marshal Sir Philip. The Fated Sky. Hutchinson. 1952. 

Meteorological Office. Observer’s Handbook. M.O. 554. H.M.S.O. 1952. 

Wilkinson, P. H. Aircraft Engines of the World, 1952. Pitman. 1952. 

White, C. S. and O. O. Benson. Physics and Medicine of the Upper Atmosphere. New 
Mexico Press. 1952. 


REPORTS 


AERODYNAMICS 


BOUNDARY LAYER (see also Compressible Flow and Wings and Aerofoils) 

Note on Sir Geoffrey Taylor's criterion for the rate of boundary-layer suction at a velocity 
discontinuity. N. Gregory. R. & M. 2496. 

Experimental investigation of the local and average skin friction in the laminar boundary 
layer on a flat plate at a Mach number of 2.4. R.C. Maydew and C. C. Pappas. N.A.C.A. 
T.N. 2740. 

Boundary-layer development and skin friction at Mach number 3.05. P. F. Brinich and 
N.S. Diaconis. N.A.C.A. T.N. 2742. 


COMPRESSIBLE FLOw (see also Boundary Layer, Internal Flow and Wings and Aerofoils) 

Two-dimensional compressible flow past a solid body symetrically placed in a channel. P. V. 
Abdurahiman. R. & M. 2443. 

On the particular integrals of the Prandtl-Buseman iteration equations for the flow of a 
compressible fluid. C. Kaplan. N.A.C.A. Report 1039. 

Flow characteristics over a lifting wedge of finite aspect ratio with attached and detached 
shock waves at a Mach number of 1.40. J. H. Hilton, Jr. N.A.C.A. T.N. 2712. 

The theoretical characteristics of triangular-tip control surfaces at supersonic speeds. Mach 
lines behind trailing edges. J. H. Kainer and M. D. King. N.A.C.A. T.N. 2715. 

Two-dimensional steady nonviscous and viscous compressible flow through a system of 
equidistant blades. H. J. Reissner, L. Meyerhoff and M. Bloom. N.A.C.A. T.N. 2718. 

Transonic similarity rules for lifting wings. K.C. Harder. N.A.C.A. T.N. 2724. 


On the application of transonic similarity rules. J. R. Spreiter. N.A.C.A. T.N. 2726. 
An analysis of supersonic flow in the region of the leading edge of curved airfoils, including 
charts for determining surface-pressure gradient and shock-wave curvature. S. Kraus. 


N.A.C.A. T.N. 2729. 

Practical calculation of second-order supersonic flow past nonlifting bodies of revolution. 
M. D. Van Dyke. N.A.C.A. T.N. 2744. 

Translational motion of bodies under the free surface of a heavy fluid of finite depth. M. D. 
Haskind. N.A.C.A. T.M. 1345. 


INTERNAL FLOw (see also Compressible Flow and Helicopter Aerodynamics) i 
The aerodynamic design of high Mach number nozzles utilizing axisymmetric flow with 
application to a nozzle of square test section. I. E. Beckwith, H. W. Ridyard and Nancy : 
Cromer. N.A.C.A. T.N. 2711. i 
Choking of a subsonic induction tunnel by the flow from an induction nozzle. W. F. Lindsey. : 
N.A.C.A. T.N. 2730. 
Two-dimensional shear flow in a 90° elbow. J.J. Kramer and J. D. Stanitz. N.A.C.A.T.N. ; 
2736. 
Matrix and relaxation solutions that determine subsonic through flow in an axial-flow gas 
turbine. Chung-Hua Wu. N.A.C.A. T.N. 2750. 
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Loaps 
Span load distributions resulting from angle of attack, rolling and pitching for tapered 
sweptback wings with streamwise tips. Supersonic leading and trailing edges. J. C. Martin 
and Isabella Jeffreys. N.A.C.A.T.N. 2643. 


STABILITY AND CONTROL (see also Compressible Flow) 

A theoretical analysis of the effect of time lag in an automatic stabilization system on the 
lateral oscillatory stability of an airplane. L. Sternfield and O. B. Gates, Jr. N.A.C.A. 
Report 1018. 

A study of the use of experimental stability derivatives in the calculation of the lateral 
disturbed motions of a swept-wing airplane and comparison with flight results. J. D. Bird 
and B. M. Jaquet. N.A.C.A. Report 1031. 

Analysis of means of improving the uncontrolled lateral motions of personal airplanes. 
Marion O. KcKinney, Jr. N.A.C.A. Report 1035. 

Some effects of nonlinear variation in the directional-stability and damping-in-yawing deriva- 
tives on the lateral stability of an airplane. L. Sternfield. N.A.C.A. Report 1042. 

Investigation of the influence of fuselage and tail surfaces on low-speed static stability and 
rolling characteristics of a swept-wing model. J. D. Bird, J. H. Lichtenstein and B. M. 
Jaquet. N.A.C.A. T.N. 2741. 

Measurements of flying qualities of an F-47 D-30 airplane to determine lateral and directional 
stability and control characteristics. R,. F. Goranson and C. C. Kraft, Jr. N.A.C.A. T.N. 
2675. 

TTHERMO-AERODYNAMICS 
Method for calculation of heat transfer in laminar region of air flow around cylinders of 


arbitrary cross section (including large temperature differences and transpiration cooling). 
E. R. G. Eckert and J. N. B. Livingood. N.A.C.A.T.N. 2733. 


WINGS AND AEROFOILS 


Tests on a“ Glauert”’ nose-suction aerofoil in the N.P.L. 4 ft. No. 2 wind tunnel. F. Cheers 
and Ola Douglas. R. & M. 2356. 

The asymptotic behaviour of the indicial lift function in subsonic compressible flow. J. R. M. 
Radok. N.L.L. Report F.106. 

Calculation of lift and pitching moments due to angle of attack and steady pitching velocity 
at supersonic speeds for thin swepthack tapered wings with streamwise tips and supersonic 
leading and trailing edges. J. C. Martin, K. Margolis and Isabella Jeffreys. N.A.C.A. T.N. 
2699. 

Effects cf aspect ratio on air flow at high subsonic Mach numbers. W. F. Lindsey and M. D. 
Humphreys. N.A.C.A. T.N. 2720. 

Numerical determination of indicial lift and moment functions for a two-dimensional sinking 
and pitching airfoil at Mach numbers 0.5 and 0.6. B. Mazelsky and J, A. Drischler. 
N.A.C.A.. TF.N. 2739: 

A method of selecting the thickness, hollowness and size of a supersonic wing for least drag 
and sufficient bending strength at specified flight conditions. J. L. Amick. N.A.C.A. T.N. 
2754. 


HELICOPTER AERODYNAMICS 
Flow through a helicopter rotor in vertical descent. P. Brotherhood, R. & M. 2735. 
Contribution a l'étude aérodynamique de laile et de l'hélice. M. Menard. Publications 
Scientifiques et Techniques du Ministere de L’Air. No. 262. 
A blade-element analysis for lifting rotors that is applicable for large inflow and blade angles 
and any reasonable blade geometry. W. Castles, Jr.. and N. C. New. N.A.C.A. T.N. 2656. 


HYDRODYNAMICS 
The dynamic landing loads of flying boats with special reference to measurements made on 
Sunderland TX.293. Anne Burns and A. J. Fairclough. R. & M. 2629. 
Theoretical analysis of hydrodynamic impact of a prismatic float having freedom in trim. 
R. W. Miller. N.A.C.A. T.N. 2698. 


MATERIALS 
Yield points in zinc crystals. H.L. Wain. A.R.L. Report SM.191. 
Influence of chemical composition on rupture test properties at 1500° F. of forged chromium- 
cobalt-nickel-iron base alloys. J. W. Freeman, J. F. Ewing and A. E. White. N.A.C.A. 
EN. 2745. 
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Preview of behavior of grain boundaries in creep of aluminum bicrystals. F.N. Rhines and 
A. W. Cochardt. N.A.C.A. T.N. 2746. 


MATHEMATICS 


On the solution of linear simultaneous differential equations with constant coefficients by a 
process of isolation. J. Morris. R. & M. 2623. 


METEOROLOGY 


A probability analysis of the meteorological factors conducive to aircraft icing in the United 
States. W. Lewis and N. R. Bergrun. N.A.C.A. T.N. 2738. 


RESEARCH 


A distant reading manometer with particular application to the measurement of small 
pressures. A.S. Halliday and H. Deacon. R. & M. 2744. 

Some experiences regarding the nonlinearity of hot wires. R. Betchov and W. Welling. 
N.A.C.A. T.N. 1223. 

Nonlinear theory of a hot-wire anemometer. R. Betchov. N.A.C.A. T.M. 1346. 


STRUCTURES 

Service failures in aircraft structures associated with fatigue, repeated or dynamic loads. 
J.B. B. Owen. R. & M. 2688. 

Large deflections of semi-oval rings. A.Van Wijngaarden. N.L.L. Report S.313. 

Plastic stress-strain relations for combined tension and compression. J. Marin and H, A. B. 
Wiseman. N.A.C.A. T.N. 2737. 

Compressive strength of flanges. E. Z. Stowell. N.A.C.A. Report 1029. 

The stability of the compression cover of box beams stiffened by posts. P. Seide and P. F. 
Barrett. N.A.C.A. Report 1047. 
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APPOINTMENTS 


This page of the JouRNAL is available for advertisements of appointments in the Industry, 
the Ministries, Universities and Colleges. The charge for advertisements for each inch, or part 
of an inch, in depth is £2 10s. Od. 


ECHNICIANS FOR GUIDED WEAPONS.—F. G. Miles Ltd., at Redhill, require techni- 
cians for development of Guided Weapons and other projects involving the development 
and application of Structural Plastics. Applicants should be of degree standard but 
qualifications equivalent to Higher National would be considered. Some industrial experience 
is desirable but applicants MUST have a practical outlook. The positions hold the advantage 
of “ getting in on the ground floor” of this new and interesting development, with excellent 
prospects of advancement. Vacancies exist for Development Engineers, Draughtsmen, Senior 
Stressman and Chemist, but in all cases the position will necessitate the closest liaison between 
the technician and Shops. F. G. MILES LIMITED, REDHILL AERODROME, SURREY. 


Gree WEAPONS DEVELOPMENT offers good opportunities for Senior and Junior 
Electronic, Electrical, Radio and Mechanical Engineers and Draughtsmen, Aero- 
dynamicists, Technical Authors, and Computors (female). 

Apply, quoting reference S.P. and giving particulars, qualifications and experience, to the 

Employment Manager. Vickers-Armstrongs Limited (Aircraft Section), Weybridge, Surrey. 


HE AIRCRAFT DESIGN TECHNICAL OFFICE OF THE BRISTOL AEROPLANE 

COMPANY LIMITED, requires the following personnel for work on an interesting range 

of civil and military aircraft and helicopters:—Junior and Intermediate Technicians for aircraft 

structural analysis with Engineering degree or Higher National Certificate and preferably some 
aircraft stressing experience. 

Junior and Intermediate Technicians for Engineering Development Laboratory with 
Higher National Certificate and preferably some experience of Structural or ‘general 
engineering test work. 

Junior and Intermediate Weights Assistants, with Ordinary National Certificate or Higher 
National Certificate and some experience in an Aircraft Weights Section or Drawing Office. 

Progressive appointments with excellent opportunities for advancement on merit. 

Applications should be sent to the Personnel Manager (Aircraft Division), The Bristol 
Aeroplane Co. Ltd., Filton House, Bristol. 


LECTRICAL DRAUGHTSMEN required for design of special aircraft electrical equipment. 
Apply Employment Manager, Vickers-Armstrongs Limited (Aircraft Section), Weybridge, 
Surrey. 


NGLISH ELECTRIC CO. LTD., LUTON, have a vacancy for a Research Engineer for 
work on planning and analysis of supersonic flight tests. Applicants should have a degree, 
Higher National Certificate or equivalent qualifications. Previous experience of stability 
and control work an advantage but not essential. Write, with full details, quoting reference 
441J. to Central Personnel Services, English Electric Co. Ltd., 24/30 Gillingham Street, 
London, S.W.1. 


ICKERS-ARMSTRONGS LIMITED (AIRCRAFT SECTION), WEYBRIDGE, have 

vacancies for:— 

AIRCRAFT DESIGN DRAUGHTSMEN (Senior, Intermediate and Junior). 

RADIO AND ELECTRICAL DRAUGHTSMEN. 

STRUCTURAL DRAUGHTSMEN. 

STRESSMEN. 

AERODYNAMICISTS. 

SENIOR WIND TUNNEL TECHNICIANS. 

ELECTRONIC ENGINEERS. 

RADIO ENGINEERS. 

WEIGHTS ENGINEERS. 

JIG AND TOOL DRAUGHTSMEN. 

MECHANICAL TEST ASSISTANTS. 

(Hydraulics—Electric motors and generators—metallurgy). 

Apply Employment Manager, Vickers-Armstrongs Limited (Aircraft Section), Weybridge, 

Surrey. 
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